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Symposium on Surgery of the Liver, 
Spleen, and Pancreas 


Foreword 


For the practicing general surgeon the diseases which afflict the 
liver, pancreas, and spleen provide continuing challenges. There is little 
which is static concerning these organs, and as old difficulties are met, 
new ones arise. Now, perhaps as never before, the surgeon must strive 
to be an internist with special therapeutic skills. For this reason, several 
of the articles address diagnostic and pathophysiologic considerations. 
There is no intention to denigrate the importance of technical skill, but 
rather a desire to emphasize that the possession of technical skill alone 
is not enough to allow one to be called a surgeon. 

In keeping with the general precepts of the Surgical Clinics of 
North America, the material is designed for the student of medicine ir- 
respective of his age or level of training. There is no attempt to be en- 
cyclopedic in scope but rather to provide useful information in specific 
areas for those caring for patients afflicted with certain diseases of the 
liver, pancreas, and spleen. The information is largely from the personal 
experience of a group of physicians who deal with these diseases on a 
regular basis. 

The members of the faculty of medicine of The University of Pitts- 
burgh have been most co-operative in their willingness to complete this 
volume. It is with great pride that I have been able to count myself as 
their colleague. 


Larry C. Carey, M.D. 
Guest Editor 


Department of Surgery 
Ohio State University 
Columbus, Ohio 43210 
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Pathology of the Spleen in Hematologic 
Disease 


Volker Breitfeld, M.D.,* and Robert E. Lee, M.D.** 


The spleen has long been and remains a somewhat mysterious 
organ of the body. The various functions of the spleen and their morpho- 
logic correlates are at present only incompletely understood. Often 
results of hematologic tests must be known before the surgical pathol- 
ogist can render a specific diagnosis on a spleen. Ackerman and Rosai 
aptly point out in the fifth edition of Surgical Pathology that there are 
relatively few significant changes in many diseased spleens and that 
even these are frequently not diagnostic.! 

In this article we will compare our experience of the significant 
gross and microscopic changes of the spleen in various hematologic 
diseases with that available in the literature. 


THE SPLEEN IN HEMATOLOGIC DISEASES 


Hereditary Spherocytosis 


PATHOGENESIS. Hereditary spherocytosis, the most common of the 
congenital hemolytic anemias of Caucasian people, shows an autosomal 
dominant pattern of inheritance. In hereditary spherocytosis, premature 
destruction of intrinsically abnormal red cells occurs in the presence of 
the spleen. Despite intensive research, the exact biochemical defect of 
the red cell membrane remains unknown." Both the genetic red cell 
membrane abnormality and the exacting microcirculation of the spleen 
are needed to produce hemolysis. The surgical removal of the spleen 
renders red cell survival normal and complete remission ensues even 
though the intrinsic defect of the red cell persists. 

Because of a membrane defect, the hereditary spherocytosis cell is 
abnormally permeable to sodium ions, and secondarily water. Large 


*Assistant Professor of Pathology, University of Pittsburgh School of Medicine; Director, 
Central Hematology Laboratory, Presbyterian-University Hospital, Pittsburgh, Pennsyl- 
vania 

**Professor of Pathology, University of Pittsburgh School of Medicine; Director of Labora- 
tories, Presbyterian-University Hospital, Pittsburgh, Pennsylvania 
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amounts of energy must be expended to maintain a normal equilibrium, 
by actively pumping sodium out of the cell. In conditions of stagnation, 
as in the spleen (or the test tube) in which there is a low glucose con- 
centration, the hereditary spherocytosis cell can no longer generate the 
energy to pump sodium ion out of the cell. Consequently the cell swells, 
becomes even less plastic and begins to loose surface membrane materi- 
al. On repeated passages through the spleen, the red blood cell becomes 
a rigid microspherocyte so classic of hereditary spherocytosis. This 
microspherocyte is no longer able to deform sufficiently to get through 
the fenestrated basement membrane of the splenic sinus, and is de- 
stroyed in the splenic cords.** Jandl et al.*? established that the cells of 
hereditary spherocytosis show less plasticity than the normal red cells, 
as evidenced by their inability to transverse tiny Millipore filter open- 
ings easily transversed by normal red cells. This decreased plasticity is 
worsened by an acidic milieu, which exists in the splenic pulp.” It can 
be seen that the spleen, with its exacting and unique microcirculation, 
plays the crucial role in hereditary spherocytosis. 

Both lipid and protein constituents of the red cell membrane have 
been extensively studied in hereditary spherocytosis. Minor variations in 
the content and kinetics of lipids of the hereditary spherocytosis red cell 
membrane have been shown, but may be due to other defects in the 
membrane." Recently Jacob presented support for the possibility that 
hereditary spherocytosis represents a mutation in the microfilamentous 
proteins of the red cell membrane on which the normal biconcave dis- 
coid shape of the red blood cell appears to depend.*® It may be that the 
variability of severity of hereditary spherocytosis in different families 
depends on the type of mutation of these contractile microfilament pro- 
teins. 

PATHOLOGY OF THE SPLEEN. ‘The spleen in hereditary spherocytosis 
is invariably moderately enlarged to 3 to 6 times its normal weight. 
Older patients tend to have the largest spleens. In our experience the 
heaviest spleen weighed 1010 gm (from a 42 year old patient). The 
average weight of our 18 spleens in adults with hereditary spherocytosis 
was 640 gm. Rappaport recorded an average weight of 870 gm (range 
430 to 1410 gm).*! Schybergson, as quoted by Wiland, reported a weight 
of 3500 gm.'"' The splenic capsule is usually smooth and shiny. On cut 
section, there is intense congestion, the trabeculae are widely separated, 
and the white pulp is frequently obscure. Three of our cases showed in- 
farcts. 

Microscopically, there is intense congestion of the widened splenic 
cords while the sinuses are usually compressed by the remarkably 
broadened cords (Fig. 1). The sinuses generally show prominent lining 
cells. There appears to be an increase of cordal macrophages, but this 
increase is often obscured by the pronounced red cell stasis in the cords. 
Erythrophagocytosis is only rarely observed. Hemosiderin pigment is 
usually increased in cordal macrophages and in sinusoidal endothelial 
cells. The white pulp is inconspicuous, although Wiland stated that 
overall it is not decreased but only widely separated by the red pulp.' 
Extramedullary hematopoiesis was invariably found by some ob- 
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Figure 1. The spleen of congenital spherocytosis. Note the widened splenic cords and 
the compressed sinuses with prominent lining cells. Hematoxylin-eosin; x 470. 


servers,'°? but we have noted it only infrequently. Although by light 
microscopy the sinuses appear empty, a recent study of the spleen in he- 
reditary spherocytosis at an electron microscopy level showed numerous 
red cell ghosts in the dilated ‘“empty” splenic sinuses. In addition, break- 
down products of hemoglobin were seen both in cordal macrophages 
and sinus cells.” 


Autoimmune Hemolytic Anemias 


PATHOGENESIS, Acquired autoimmune hemolytic anemias may be 
either primary (idiopathic) or secondary to a large variety of conditions, 
principally lymphoreticular malignancies or autoimmune diseases.” ** %4 
These hemolytic disorders are characterized by (1) shortened red cell 
survival, (2) evidence of “autoimmunity” against own cells as mani- 
fested by the direct or indirect Coombs’ test, and (3) usually erythroid 
hyperplasia of the marrow. : 

Fragmentation of red cells after damage by autoantibodies and/or 
complement appears to be the underlying mechanism of red cell de- 
struction.’ Damaged red cells tend to become rigid spherocytes that are 
no longer able to negotiate the splenic microcirculation. The phagocytic 
cells of the reticuloendothelial system appear to have special receptor 
sites which interact with red cells coated with antibodies and/or comp- 
lement.** ® Subsequent erythrophagocytosis of fragments or whole cells 
ensues principally in the spleen. Erythrophagocytosis in the spleen is 
commonly found in patients with autoimmune hemolytic anemias.*! 
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SPLENIC PaTHoLocy. In idiopathic autoimmune hemolytic ane- 
mias the spleen is moderately enlarged, but seldom to the degree seen in 
spherocytosis. The average weight in our 17 cases was 330 gm (range 
170 to 860 gm). The average weight of the spleen in Rappaport’s series 
was 650 gm (range 148 to 1670).*! The capsule is smooth and unre- 
markable but may be thickened focally. Generally the cut surface is 
congested, may be of normal consistency, but at times is firmer or softer 
than usual. We rarely observed gross infarcts, while Rappaport noted 
them in 26 per cent of his cases.*! 

Microscopically, the architecture is generally preserved. There is 
usually marked congestion of the pulp with widened empty or congested 
sinusoids, and prominent sinusoidal lining cell hyperplasia. The in- 
creased amount of red pulp results in more widely separated white pulp 
which often shows hyperplasia with many active germinal centers. We 
observed extramedullary hematopoiesis in red pulp areas in only 3 of 17 
cases, while Rappaport noted it in about 33 per cent of cases.*! Hemosid- 
erin pigment may be very prominent in cordal macrophages, less so in 
sinus lining cells. Erythrophagocytosis was occasionally noted, but in no 
case was prominent. Rappaport observed it in 80 per cent of his cases, 
occurring both in cords and sinuses.*! In Rappaport’s series, there was 
good correlation of red pulp cord congestion and empty sinusoids with 
the degree of osmotic fragility and spherocytosis of red blood cells; the 
more spherocytosis, the more marked was the cordal congestion and 
emptiness of sinusoids.*! 

It is readily appreciated that pathologically the spleen of autoim- 
mune hemolytic anemias may be rather similar to that of hereditary 
spherocytosis, and without pertinent clinical data the pathologist will 
have difficulty distinguishing the two entities. It is perhaps possible that 
the smaller size of the spleen in autoimmune hemolytic anemias simply 
reflects less splenic work hypertrophy because of shorter duration of 
disease. 


Hereditary Elliptocytosis 


PATHOGENESIS. In hereditary elliptocytosis (ovalocytosis), a rela- 
tively rare red cell membrane defect, upward of 25 per cent of red cells, 
and usually more than 50 per cent, have an elliptical shape. The major- 
ity of patients show little hemolysis, but in 12 to 15 per cent of patients 
there is a brisk hemolytic anemia with significantly shortened red cell 
survival." °° Hereditary elliptocytosis is inherited in an autosomal domi- 
nant fashion, that in some cases appears to be linked to the Rh locus.2*: 7 
In cases without Rh linkage, hemolysis is usually more severe.2*: Like 
the spherocyte of hereditary spherocytosis, the elliptocyte shows in- 
creased osmotic fragility and increased permeability to sodium ions.”4 As 
in hereditary spherocytosis, the spleen is the site of sequestration and 
destruction of the elliptocyte, and the beneficial effect of splenectomy in 
those patients with elliptocytosis and marked hemolysis is well docu- 
mented, although the ovalocytosis persists.*: 74“ It has been postulated 
that the defect in ovalocytosis resides within the red cell membrane pro- 
wena” 
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SPLEEN PaTuHoLocy. In patients with marked hemolysis, the 
spleen has been invariably moderately enlarged. We have no experience 
with spleens from such patients. Cutting reported weights from 180 gm 
in a 4 year old patient to 500 gm in an adult.* The gross appearance of 
the spleen is similar to that seen in spherocytosis.” 24 

Microscopically, there is intense cordal congestion and sinusoids ap- 
pear generally empty and are lined by prominent endothelial cells.' 
Blackburn noted erythrophagocytosis, not commented upon by others.’ 
Lipton described, in addition, congested sinusoids in a single case.*! Wil- 
son et al. described only fibrosis and hemosiderosis.' 


Thalassemia 


PATHOGENESIS. Thalassemia as a term covers a rather heteroge- 
neous group of hereditary disorders, all of which have in common an 
unbalanced rate of synthesis of one or more of the normal hemoglobin 
polypeptide chains. Thus thalassemia is perhaps best classified on the basis 
of the polypeptide chain or chains involved. The scope of these disorders 
is so vast and complicated that even a short review of this subject is im- 
possible here. Suffice it to say that commonly the peripheral blood shows 
microcytosis, hypochromia, and marked anisopoikilocytosis of red cells 
(often treated as iron deficiency by the unsuspecting physician). Gener- 
ally, the heterozygote (one abnormal gene) is mildly affected (thalas- 
semia minor), whereas the individual with two abnormal identical or 
similar genes is severely affected by marked anemia, reticulocytosis and 
splenomegaly (thalassemia major). When thalassemia major is compli- 
cated by hypersplenism, splenectomy may be indicated.'* ** 

SPLEEN PATHOLOGY. The average size of the spleen in patients 
with thalassemia major is from 3 to 7 times normal.” The capsule is 
generally normal or only slightly thickened, and on cut section there is 
intense congestion. The white pulp is inconspicuous. 

The trabeculae are prominent while the white pulp is frequently 
atrophic. The most marked changes appear in the red pulp. The sinuses 
may be congested and dilated. There is marked reticuloendothelial cell 
hyperplasia, in both cords and sinuses. Extramedullary hematopoiesis is 
frequently present in the red pulp.'! Sen Gupta described numerous pale 
foamy, strongly PAS-positive histiocytes in the red pulp in 4 of 30 cases 
of thalassemia.** In alpha thalassemia (hemoglobin H disease), electron 
microscopy disclosed two splenic actions upon the abnormal red cells. 
Intracellular precipitates of beta-chains are removed (pitted) from 
erythrocytes in the cords as cells with such precipitates attempt to move 
from cords into sinuses. In addition, larger cells were split into two 
smaller sphered fragments while traversing into sinuses. Some small 
RBC fragments were phagocytosed.’ The above descriptions provide an 
insight into splenic mechanism of red cell deformation and destruction 
in thalassemia. 


Hemoglobin C (C-C) Disease 


PATHOGENESIS. Homozygous hemoglobin C disease, a hereditary 
hemoglobinopathy with generally mild clinical symptoms, is character- 
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ized by a moderate hemolytic anemia and splenomegaly. It occurs pre- 
dominantly in Negroes. In hemoglobin C, glutamic acid in the 6 pesition 
of the beta-chains is replaced by lysine, resulting in relative insolubility 
of the hemoglobin because of electrostatic interaction of the positively 
charged 6"’ areas with negatively charged adjacent alpha-chain areas.*” * 
This increased intermolecular attraction results in hemoglobin crystal- 
lization, increased rigidity, and decreased plasticity of the HbC red 
cells.» The pitting of these crystals by the spleen results in produc- 
tion of rigid microspherocytes and fragments, which are subsequently 
destroyed in the exacting splenic microcirculation.” ”” 

SPLEEN PAaTHOLOoGy. The spleens are invariably enlarged. In our 
one case, the spleen of a 36 year old Negro woman weighed 390 gm. 
Diggs”? reported a spleen weighing 2300 gm, and Wheby'” reported one 
weighing 1000 gm. The capsule is unremarkable and the cut surface is 
dark red, firm, and rather homogenous, with obscured white pulp. 

Microscopically, there is congestion and widening of the splenic 
cords. The pulp sinuses are dilated and show rather prominent lining 
cells. Macrophages containing hemosiderin are numerous in the cords. 
The white pulp is rather atrophic and widely separated by red pulp. 


Idiopathic Thrombocytopenic Purpura 


PATHOGENESIS. Idiopathic thrombocytopenic purpura is a diag- 
nosis that is reached by first excluding other causes of thrombocyto- 
penia. Idiopathic thrombocytopenic purpura comprises at least two dif- 
ferent varieties—acute and chronic.® Acute idiopathic thrombocytopenic 
purpura occurs predominantly during childhood, while the chronic form 
is predominantly a disease of adults with a notable female prepon- 
derance. The acute form is usually brief and self-limited, consequently 
requiring little therapy. Splenectomy is generally reserved for chronic 
idiopathic thrombocytopenic purpura, where it may be of great value.” 

The classic and heroic experiments of Harrington et al.,®® in 1951 
first demonstrated a plasma factor resulting in thrombocytopenia. Spe- 
cific platelet antibodies can now be demonstrated in the majority of pa- 
tients with idiopathic thrombocytopenic purpura.*” ** These platelet an- 
tibodies appear to be IgG immunoglobulins.** *? The platelet survival in 
idiopathic thrombocytopenic purpura is markedly shortened,® and the 
spleen is the graveyard of the antibody-coated and damaged platelets.* *° 
Platelets heavily coated by antibody are also removed in other reticu- 
loendothelial tissue, predominantly the liver.*:*’ Recently it has been 
shown that the spleen actually plays a dual role in idiopathic thrombocy- 
topenic purpura. It not only is the filter that removes the damaged 
platelets but it also appears to be an important site of platelet antibody 
production.” 

SPLEEN PATHOLoGy. In idiopathic thrombocytopenic purpura the 
spleen may be normal or slightly to moderately increased in weight. In 
our experience, the average weight of 43 spleens was 170 gm, with a 
range of 77 to 370 gm. Only 6 spleens weighed more than 250 gm. Bow- 
mann found a slightly increased weight of 195 gm." The capsule is 
usually unremarkable. The cut surface shows a well maintained gross 
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architecture. The white pulp frequently is rather prominent, although 
occasionally it is inconspicuous. 

The most conspicuous finding on microscopic examination is an 
increase of secondary follicles with large and active germinal centers 
(Fig. 2). This finding has been present in most but not all of our cases. 
These secondary follicles are frequently surrounded by a marginal zone 
giving rise to a triple layer appearance of the follicle. Most authors have 
noted similar white pulp changes." 7 The red pulp may show sinusoi- 
dal dilatation and/or congestion, and contains the usual number of 
polymorphonuclear leukocytes, rare eosinophils, and occasional mega- 
karyocytes which in our experience are not numerous. Bowmann et al., 
however, noted a nonspecific increase in megakaryocytes in the red 
pulp.'® Foamy histiocytes can occasionally be detected singly or in 
groups in the red pulp. The cytoplasm of these contains PAS-positive 
and Oil-Red-O positive material. Saltzstein described these histiocytes 
and their histochemical staining characteristics in 6 of 7 spleens re- 
moved for idiopathic thrombocytopenic purpura. He speculated that the 
phospholipid in these histiocytes may be of platelet origin.*t We have not 
recognized platelet phagocytosis in the spleen in idiopathic thrombocy- 
topenic purpura. At an ultrastructural level, however, such histiocytes 
have been shown to contain platelets at various stages of breakdown.” 
Breckenridge et al.’ claimed that there is a peculiar combination of 
findings in the spleens of patients with idiopathic thrombocytopenic 
purpura and lupus erythematosus,’ but we have noted only prominent 
“onion-skin”’ changes of splenic arterioles in lupus patients. 


Figure 2. Prominent lymphoid follicles with active germinal centers from a case of 
idiopathic thrombocytopenic purpura. Hematoxylin-eosin; x 90. 
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Thrombotic Thrombocytopenic Purpura 


PATHOGENESIS. The hallmarks of thrombotic thrombocytopenic 
purpura are hemolytic anemia with a microangiopathic peripheral blood 
smear, marked thrombocytopenia, and bizzare and often fluctuating 
neurologic signs and symptoms. The pathogenesis of this disease re- 
mains obscure. The suggestion has been made that thrombotic throm- 
bocytopenic purpura should be thought of as a syndrome that may ap- 
pear in the course of diseases which affect the microcirculation.** The 
principal histologic alteration in thrombotic thrombocytopenic purpura 
is the widespread deposition of hyaline acidophilic material within the 
lumina and beneath the endothelium of arterioles and capillaries.* *° En- 
dothelial proliferation is frequently seen in these areas, but there is con- 
spicuous absence of vasculitis. Immunohistochemical methods and 
electron microscopy have shown that these intravascular deposits con- 
tain principally fibrin and some formed elements of blood.” In the recent 
literature, there have been reports of successful treatment of thrombotic 
thrombocytopenic purpura with steroids and splenectomy.” 

SPLEEN PaAaTHOLOoGy. In our experience the spleen weighed be- 
tween 100 and 175 gm in three cases, while it weighed 250 gm in a 
fourth case. In another case in which thrombotic thrombocytopenic pur- 
pura complicated systemic lupus erythematosus, the spleen weighed 
500 gm. Grossly and on cut section, the spleens were unremarkable. In 
other series the spleen was of normal size or slightly to moderately 
enlarged,” and Meacham et al.”” reported a 500 gm spleen with multiple 
infarcts.”° 

On microscopic examination, typical intramural and subendothelial 
hyaline deposits were noted in the arterioles of the periarterial lym- 
phatic sheath and lymphoid follicles of the spleen in our 5 cases. There 
was no evidence of vasculitis. Microaneurysm at arteriolar-capillary 
junctions, as reported by Orbison, were not seen, but could have been 
obscured by cellularity of the white and red pulp. There were no other 
significant microscopic changes. 


Myelofibrosis with Myeloid Metaplasia 


PATHOGENESIS. Myelofibrosis with myeloid metaplasia is a well es- 
tablished clinical and pathologic entity in the spectrum of the myelopro- 
liferative syndromes. Its distinctive clinical course and laboratory data 
usually permit a separation from other entities in that spectrum. Myelo- 
fibrosis with myeloid metaplasia affects primarily middle-aged and older 
people, and its prolonged natural course includes progressive and mas- 
sive splenomegaly, frequently complicated by hypersplenism affecting 
red cells and platelets.!" 37%: °- °° Hickling*! and later Jackson et al.** did 
call attention to the high mortality following splenectomies in myelofi- 
brosis with myeloid metaplasia, and subsequently the belief arose that 
splenectomy had a disastrous effect because the most important organ 
of blood formation was removed. Green et al.37 however, pointed out 
beneficial effects of splenectomies and argued that much of the mortal- 
ity reported to occur after splenectomies was due to postoperative 
complications. The value of splenectomies, especially in those cases 
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complicated by secondary hypersplenism, is now no longer in 
doubt,''*” °° and it is generally believed that the myeloid metaplasia, 
rather than being compensatory to marrow failure, is part of a general 
myeloproliferative process. 

SPLEEN PATHOLOGY. The spleen is often massively enlarged in 
myelofibrosis with myeloid metaplasia. Our three splenectomy speci- 
mens only ranged from 720 to 1150 gm. In Bournocle’s series, the larg- 
est spleen weighed 8750 gm, most weighed between 1000 gm and 4000 
gm, while only a few weighed less than 350 gm.!! The capsule may be 
focally thickened from underlying infarcts, as in one of our cases. On 
cut section, the spleen is firm, dark brown with inconspicuous and 
widely separated white pulp. Infarcts are not uncommon. Distinct nod- 
ules of varying size, representing extramedullary hematopoiesis may be 
noted.': *° 

Microscopically, the basic splenic architecture is preserved, al- 
though the white pulp is often atrophic and compressed. The red pulp 
shows extensive extramedullary hematopoiesis—both in sinusoids and 
cords. Extramedullary hematopoiesis is not seen in the white pulp.% The 
extramedullary hematopoiesis involves the trilineage of myeloid 
cells—that is, immature and mature meyloid, and erythroid and mega- 
karyocytic precursors, none proliferating to the exclusion of the others. 
Erythroid proliferation is often in distinct foci,®? just as it is normally 
seen in the marrow. The cordal and sinusoidal macrophages, often con- 
taining hemosiderin, are markedly increased in number and there is 
variable, though frequently marked red pulp fibrosis.'' *°: 9?-°® At an ul- 
trastructural level, there is evidence of extensive phagocytosis of matur- 
ing myeloid precursors by splenic macrophages. Nuclear and cytoplas- 
mic abnormalities of the hemopoietic precursors are frequently noted.°” 


Leukemic Reticuloendotheliosis 


PATHOGENESIS. Recently there have been numerous reports of a 
rarely recognized neoplastic disease of lymphoreticular cells called 
leukemic reticuloendotheliosis or “hairy cell’ leukemia. Clinically this 
disease affects predominantly males, has an insidious onset and chronic 
course, presenting with often massive splenomegaly, little lymphaden- 
opathy and pancytopenia.’ ** °* 1°° Characteristic “hairy cells,” so called 
because of numerous cytoplasmic filamentous projections, are seen by 
phase microscopy in peripheral blood, bone marrow, and tissues such as 
spleen.®*”: ** 87 These hairy cells, which may be rare in peripheral blood, 
contain a cytoplasmic tartrate-resistant isoenzyme of acid phospha- 
tase.1°7 1°8 Whether this hairy cell is of lymphoid or monocyte origin has 
as yet not been definitely established. Splenectomy has been advocated 
as the therapy of choice.'* °° 

SPLEEN PaTHOLoGy. The spleen is uniformly markedly enlarged in 
leukemic reticuloendotheliosis. In our single case, it weighed 1220 gm. 
In Burke’s review, the average weight of the spleen was 1809 gm, with 
a range of 350 to 4650 gm.'* The capsule may be thickened focally 
because of underlying infarcts. The cut surface is meaty, dark-red, and 
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rather homogenous with inconspicuous white pulp. We did not observe 
gross tumor nodules and none were seen in Burke’s cases.'* 

The microscopic picture is rather distinctive. The white pulp is 
atrophic but of normal architecture and cellular composition. The red 
pulp is extensively infiltrated with bland, monotonous, mononuclear 
cells resulting in marked cordal widening. Sinusoids are filled and dis- 
tended with similar cells and thus, because of cordal and sinusoidal in- 
volvement of the red pulp, its basic architecture is obliterated. There is 
conspicuous absence of pleomorphism and mitoses in this cellular infil- 
trate, a feature also emphasized by other observers.'* '°* In massively 
enlarged spleens there may be partial obliteration of the white pulp as 
well.'® The pattern of the infiltration of the spleen is quite unlike that of 
other lymphomas, which principally affect the white pulp and expand in 
a nodular fashion into the red pulp without obliterating it. The charac- 
teristic pattern and histology of the spleen in leukemic reticuloendothe- 
liosis has been considered pathognomonic of the disease.'**’ The 
suggestion has been made that the red pulp involvement reflects the fil- 
tration of circulating “hairy cells” by the spleen.*” 


Malignant Lymphomas 


Dramatic and exciting progress has been made in the diagnosis, 
treatment, and understanding of Hodgkin’s disease and, to a lesser 
degree, other malignant lymphomas, during the last decades. In 1966 
Rappaport proposed a classification of non-Hodgkin’s lymphomas which 
has been shown to be of prognostic significance.*” The modified Lukes 
and Butler classification of Hodgkin’s disease® (Rye Classification) has 
been shown to correlate better with a patient’s course than previous 
classifications. Staging laparotomies in Hodgkin’s disease have provided 
help in defining the extent of disease, thus allowing more optimal thera- 
py.” 

SPLEEN PaTHoLocy. The spleens involved by malignant lym- 
phoma may be of enormous size, tending to be larger in non-Hodgkin’s 
lymphomas than in Hodgkin’s disease. Skarin et al.,°' in a series of non- 
Hodgkin’s lymphomas, recorded an average weight of 1760 gm, with a 
range of 550 to 4500 gm; Ahmann’ recorded an average weight of 1528 
gm, with a range of 160 to 5100 gm. In Glatstein’s series of Hodgkin’s 
disease, involved spleens ranged in weight from 100 to 1300 gm, 
spleens weighing more than 400 gm always being involved by Hodg- 
kin’s disease.*4 In our and others’ experiences a spleen of over 400 gm in 
a patient with Hodgkin’s disease is, rarely, not involved by the disease.*! 
Spleens of normal size and weight may be involved by Hodgkin’s 
disease. The clinical, radiologic, and scintographic assessment of 
splenic size correlate poorly with the actual weight of such spleens.” In 
our experience, 20 spleens involved by Hodgkin’s averaged 440 gm 
(range 125 to 1450 gm). 

The capsules of lymphoma-involved spleens may be smooth or 
focally thickened. It may be bulging because of underlying tumor 
masses. In our experience there are four distinctive types of gross 
splenic involvement by malignant lymphomas. (1) The spleen may be 
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Figure 3. Hodgkin’s disease in the spleen. Note the tumor nodules of varying size. 


homogenously gray to red-brown on cut section without any discern- 
ible masses. Microscopically, such involvement may show any one of 
histologic types of lymphomas, though Hodgkin’s disease in such 
spleens is rare. (2) The second gross pattern is the miliary pattern in 
which the spleen is diffusely and uniformly studded with small gray- 
yellowish tumor nodules varying from 1 to 5 mm in diameter. Again, 
any histologic type of lymphoma may present such a pattern. (3) The 
third gross pattern of splenic involvement by malignant lymphoma 
shows small and large gray-yellow, well circumscribed nodules. The 
larger nodules usually consist of compact masses of smaller nodules 
(Fig. 3). This pattern of gross involvement is usually seen with histiocy- 
tic lymphomas and Hodgkin’s disease. (4) The fourth, and least common 
pattern, is that of a single small or large tumor mass, a pattern usually 
only seen with Hodgkin’s disease or histiocytic lymphomas involving the 
spleen. Similar gross types of involvement are described by others." ? 
The malignant lymphomas first and primarily involve the periar- 
terial lymphatic sheaths and lymphoid follicles. These are gradually 
replaced by the proliferating malignant lymphomas. In the spleen, the 
neoplastic cells tend to expand in a nodular fashion, compressing and 
encroaching upon the surrounding red pulp without destroying it. In ac- 
companying lymph nodes from the same patient, such nodularity is 
frequently not evident,*? implying that the nodular pattern of the neo- 
plasm in the spleen may be a result of the splenic microenvironment 
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Figure 4. Microscopic picture of the spleen shown in Figure 3. Note replacement of 
spleen by nodular sclerosing Hodgkin’s disease. Hematoxylin-eosin; x 90. Inset shows typi- 
cal Reed-Sternberg cell seen in the same area. Hematoxylin-eosin; x 470. 
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Figure 5. Numerous pale storage cells occupy most of the splenic red pulp. A lymphoid 


nodule with its germinal center and central arteriole is not affected by the storage cells. 
Hematoxylin-eosin; x 200. 
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rather than the inherent growth pattern of the neoplasm. Neoplastic 
nodules frequently bear no relationship to central arteries or arterioles. 
In late stages of splenic involvement, the entire microscopic architec- 
ture of red and white pulp may be obliterated by tumor. Areas of hemor- 
rhage and necrosis may be frequent. 

It is of importance to again emphasize that, particularly in Hodg- 
kin’s disease, the splenic involvement may be confined to one focus 
which may be microscopic or barely visible to the naked eye. This neces- 
sitates a careful approach to the examination of spleens, which must be 
sliced at 2 mm intervals with sampling of any suspicious areas for micro- 
scopic examination. 


SPHINGOLIPIDOSES THAT PRODUCE SPLENIC 
ENLARGEMENT 


Gaucher’s Disease 


The sphingolipid disorder that commonly affects the spleen is 
Gaucher’s disease. This disease is an inherited defect of membrane ca- 
tabolism that results in widespread storage of glucocerebroside in re- 
ticuloendothelial cells. There are two forms of the disease, an adult 
chronic form and a fatal infantile variety. 

In 1965 Brady" described an enzymatic defect in patients with 
Gaucher’s disease that involved a step in the degradation of membrane 
lipids. The reduced activity of glucocerebrosidase results in an accumu- 
lation of the lipid that cannot be further degraded. 

PATHOGENESIS. As the constant turnover of membrane continues 
to add more deposits to the body storage sites, the spleen slowly en- 
larges, to accommodate the increasing numbers of Gaucher’s cells. This 
may result in hypersplenism, with the platelets most commonly af- 
fected. Another mechanism of blood cell reduction can occur when the 
bone marrow is replaced by Gaucher cells and this can result in bleed- 
ing, infection, or severe anemia. 

Diacnosis. The diagnosis of Gaucher’s disease can be made by 
finding Gaucher cells in the bone marrow, and formerly this was the 
most frequent method of diagnosis. 

In 1970, Beutler’ described a fluorimetric assay using an artificial 
substrate that measures the beta-glucosidase activity and permits us to 
diagnose the disease by finding low activity in blood leukocytes. In addi- 
tion, the carrier state can also be diagnosed in individuals having en- 
zyme activity intermediate between the low values of a patient with 
Gaucher’s disease and a normal control. Brady has reported that infants 
having the fatal infantile form of the disease have values of enzyme 
lower than those with the adult form of the disease. 

Gross AND Microscopic PATHOLOGY. The enlarged spleen is gen- 
erally homogenous on its cut surface. Occasional small infarcts may 
produce abdominal pain. Several of our cases have had fibrous nodules 
measuring up to 4.0 cm in diameter. These are considered to be second- 
ary to vascular alterations that result in focal fibrosis. Angiographic 
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Figure 6. This electron micrograph shows several lysosomes that are distended with 
the typical twisted deposits of Gaucher’s disease. Both longitudinal and cross sectional views 
of the deposits are present. A portion of nucleus is present in the upper left and two mi- 
tochondria are present. Magnification 44,000 x. 


studies of spleens with these nodules have shown patterns resembling 
hemangiomas. Other types of nodules have been observed to be nodules 
of extramedullary hematopoiesis, probably secondary to marrow replace- 
ment by Gaucher cells. The striated appearance of the Gaucher cells is 
related to the linear deposits in lysosomes. These deposits are made up 
of long, narrow, 60A wide bilayers that twist in a right-handed screw 
sense. The electron microscopic appearance of tubules when viewed on 
end is one of a hollow tubule, but freeze-etching and x-ray diffraction 
studies support a bilayer arrangement of the deposits.® The hollow ap- 
pearance seen in the end view of embedded deposits apparently derives 
from the extremely compact nature of the multiple bilayers that do not 
permit aqueous stains to penetrate between the bilayers. The elevated 
levels of serum acid phosphatase are considered to be related to the 
release of lysosomal contents as Gaucher cells turn over. 

Gaucher cells may appear wherever reticuloendothelial cells are 
located. This includes such major sites as the red pulp of the spleen and 
within the bone marrow, but other sites include liver and lymph nodes. 
Impairment of liver function and lymphadenopathy are not usually ob- 
served to be associated with these deposits. 


Niemann-Pick Disease 


Niemann-Pick disease is another of the sphingolipid storage dis- 
eases where the enzymatic defect affects the turnover of sphingomye- 
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lin. These patients are most commonly infants that exhibit both central 
nervous system and visceral deposits of this phosphorylated lipid. The 
storage cells that occur in the spleen and liver have a foamy cytoplasm 
in contrast to the striated appearance of Gaucher cells. We have seen an 
adult with Niemann-Pick disease who had splenomegaly that was not 
detected until he fractured his ribs in an automobile accident. The 
spleen was removed because of hemorrhage. When the spleen was 
analyzed, excess amounts of sphingomyelin and cholesterol were found. 
The electron microscopy of this patient’s spleen, liver and bone marrow 
revealed whorled electron deposits described by Lynn and Terry as typi- 
cal of Niemann-Pick disease. This patient has no symptoms related to 
the disease. 


Generalized Gangliosidosis-Lactosylceramidosis 


We have not seen splenomegaly associated with ganglioside storage 
although it is reported to occur in generalized gangliosidosis. Here, the 
storage cells appear to contain large vacuoles that are different from 
Gaucher’s disease or Niemann-Pick disease.” Dawson reported on a pa- 
tient with visceral deposits of ganglioside.”* 


SUMMARY 


We have discussed a wide variety of hematologic disorders in which 
the spleen plays a crucial role. The pathologic changes of the spleen in a 
number of hemolytic anemias are rather similar. This is not surprising 
in view of the filtering and culling function of the spleen in these 
diseases. The pathologic changes seen in the spleen involved by malig- 
nant lymphomas are varied. The focal nature of Hodgkin’s disease in- 
volving the spleen necessitates a careful examination of the spleen so 
that a small focus of disease is not missed. 
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The role of splenectomy in the management of various hematologic 
disorders has grown in importance over the past 25 years. This increase 
in popularity is mainly due to our better understanding of these disease 
states and a better clarification of the indications for this procedure. The 
pathophysiology of the spleen has been more clearly elucidated through 
many investigative studies during the century. Thus, its importance in 
cellular sequestration and destruction along with its place in immuno- 
logic mechanisms is better understood although not fully clarified. A 
number of reviews depicting the hematologic indications for splenec- 
tomy have appeared in the literature in recent years.?* 40 53: 62, 111, 112, 114, 122 

The current presentation addresses autoimmune hematologic dis- 
orders, congenital hemolytic states, thrombotic thrombocytopenic pur- 
pura, staging procedures for “lymphomas,” and, ultimately, miscella- 
neous indications for splenectomy. Hypersplenism, of both primary and 
secondary types, is an important indication for splenic removal. Al- 
though a few of the included topics display features characteristic of 
this syndrome, this interesting subject is discussed in another article 
included in this symposium.* 


AUTOIMMUNE DISORDERS 
AUTOIMMUNE HEMoLytic ANEMIA (AIHA) 


The immune hemolytic anemias are classified on the basis of the ab- 
sence or presence of an underlying medical disorder, or upon the as- 
sociated serologic characteristics of the immune process.’” The initial 
classification separates these entities into “idiopathic” versus ‘‘second- 
ary” or “symptomatic” cases. The secondary causes primarily include 


*Clinical Assistant Professor of Medicine, University of Pittsburgh School of Medicine, 
Pittsburgh, Pennsylvania 


Pittsburgh, Pennsylvania 


Surgical Clinics of North America—Vol. 55, No. 2, April 1975 253 


254 H. LEE DAMESHEK AND LAWRENCE D. ELLIS 


the lymphoproliferative disorders and the collagen disease states, par- 
ticularly systemic lupus erythematosus. Other causes are shown in 
Table 1. Dacie?* points out that the longer patients are followed, the 
greater the likelihood exists for the appearance of an additional underly- 
ing condition. Pirofsky®® suggests that autoimmunization rarely affects 
the red cells alone. 

Secondarily, these disorders may be classified according to the 
variant of antibody produced, namely so called “warm” versus “cold” 
types. The characteristics of these antibodies are depicted in Table 2, 
and three clinical syndromes can be distinguished related to these an- 
tibody differences. 

Of major interest and importance to the surgeon is the hemolytic 
syndrome associated with warm antibody production. It is this variant 
that almost exclusively leads to splenectomy. In the other two entities, 
cold hemagglutination syndrome and paroxysmal cold hemoglobinuria, 
splenectomy is rarely considered. Therefore, the majority of the remain- 
ing discussion will focus on the syndrome associated with warm an- 
tibody production. 


Warm Antibody Syndrome 


The idiopathic form of the warm antibody syndrome has a variable 
age of onset, but is infrequently seen in children. Females have approxi- 
mately twice the incidence of males. The onset of the disease may be 
acute, accompanied by abrupt hemolysis with varying degrees of ane- 
mia noted. At times, the acute onset is associated with severe dyspnea, 
fever, and a shock-like state with coma, possibly resulting in death. In 
contrast, the insidious chronic form may be present for many years, as- 
sociated with mild anemia, undue fatigue, and mild dyspnea on exer- 
tion. The patient may note symptoms related only to the anemia, but oc- 
casionally jaundice and thrombophlebitis may occur. 

On physical examination, the affected individual generally shows 
pallor, mild jaundice with scleral icterus, and frequently palpable splen- 


Table 1. Classification of AIHA by Underlying Disorders 


PRIMARY OR “IDIOPATHIC” CASES 


SECONDARY OR “SYMPTOMATIC” CASES 


Lymphoproliferative disorders (chronic lymphatic leukemia; lymphomas) 

Collagen diseases (systemic lupus erythematosus; rheumatoid arthritis) 

Benign tumors (dermoid cysts; teratomas, particularly ovarian) 

Myeloproliferative disorders 

Carcinomas 

Infectious causes (Mycoplasma; infectious mononucleosis) 

Granulomatous disease (tuberculosis; sarcoidosis) 

Chronic disease states (ulcerative colitis; liver disease) 

Thyrotoxicosis 

Drugs (Aldomet, prime offender) 
a ee 
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Table 2. 


WARM TYPE 


Paya) 


Characteristics of Autoantibodies in AIHA 


COLD TYPES 


Warm Antibody 


Cold Hemagglutinin 


Paroxysmal Cold 


Syndrome Syndrome Hemoglobinuria 
Immunoglobulin class IgG (7S) IgM (19S) IgG (7S) 
and size 
Thermal reactivity 
Initial SOG 28-32° C 15-20° C 
Maximal 0-4° C 0-4° C 
Antigenic specificity We al P (ved cell membrane 
antigen) 
Complement fixation Usually Absent + oo 
Agglutination (in vitro Incomplete Complete Generally poor 
activity) (High titer at (Moderate titer at 
4 C) 4 C) 
Hemolysis (in vivo Spherocytosis Agglutination Spherocytosis and lysis 
activity) with hemolysis and lysis 


Typical Coombs 


Gamma (IgG) 


Non-gamma (C,) 


Non-gamma (C;) 


reaction (with acute episode) 
Destruction Primarily spleen Primarily liver Primarily intravascular 
and liver 
Splenectomy Of value Rarely of value Of no value 


omegaly. In addition, hepatomegaly may be present along with lympha- 
denopathy, at times suggestive of an underlying lymphoproliferative 
disorder. Cyanosis may be seen in very severe forms”® secondary to in- 
travascular autoagglutination. 

Laboratory data are important in helping to differentiate the primary 
and secondary types of AIHA, as well as in excluding other hemolytic 
states. 

TREATMENT. Treatment of warm antibody type hemolytic anemia 
will depend on the ultimate classification of the disorder into either an 
“idiopathic” or a “secondary” type. Associated secondary disease states 
must be carefully sought and appropriately treated. If no underlying 
disorder can be found, treatment should be begun in an attempt to abate 
the primary hemolytic process. 

Generally, the initial therapy is corticosteroids. Steroids produce 
beneficial effects in approximately 75 per cent of those treated, with red 
blood counts often returning to normal as the hemolysis decreases. Un- 
fortunately, when the drug is discontinued, many patients suffer a 
relapse of the hemolytic process.”* 

When steroid therapy fails, one must then consider splenectomy or 
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immunosuppressive therapy. It has generally been our policy to recom- 
mend splenectomy in idiopathic cases which fail to respond in 4 to 6 
weeks of high dose steroid therapy, and in patients with relapse after 
initial response, when steroid therapy is tapered or withdrawn. In addi- 
tion to being of value therapeutically, splenectomy may establish a diag- 
nosis of an underlying primary disorder, such as lymphoma. 

Prior to splenectomy, it is of value to have the patient undergo a Cr- 
51 red cell survival and splenic sequestration study to help predict a fa- 
vorable response to this procedure. The major significance of these 
studies is to evaluate the ratio of splenic: liver sequestration of the 
labelled red cells. A spleen: liver ratio of 2 to 3:1 or more usually 
predicts a favorable response. Occasionally, splenectomy has been of 
value with normal spleen: liver ratios, and decreased need for trans- 
fusions and high dose steroid therapy has followed. 

Other early indications for splenectomy include toxic manifesta- 
tions of steroid treatment or contraindications for their use, such as ac- 
tive pulmonary tuberculosis, peptic ulcer disease, etc. We have more en- 
thusiasm for splenectomy than others because of the _ serious 
consequences of long term steroid therapy especially in high dosage. 

Splenectomy!”® in AHIA tends to provide better results in patients 
with: (1) warm antibodies, especially with low titers; (2) positive direct 
but not indirect Coombs tests; (3) no cold agglutinins or complement- 
fixing antibodies; and (4) splenic enlargement with selective sequestra- 
tion demonstrated by Cr-51 studies.? A favorable response to splenec- 
tomy can be anticipated in 50 to 80 per cent of cases, although relapses 
are not infrequent. 

A third therapeutic approach is the use of antimetabolites, which 
have been shown to suppress the immune reaction, and Dameshek and 
Schwartz® are credited with their initial use after failure of splenec- 
tomy and steroids. This group of agents has not yet been critically evalu- 
ated, and the relatively high dosage required along with their known 
side effects is of concern. 

Transfusion therapy is best avoided in this disease unless absolutely 
necessary. Cross matching is difficult and further antibody production 
secondary to incompatible antigens augments the problem. 

The prognosis is relatively good in the idiopathic cases, but the 
disease may assume a chronic form. In secondary cases, the prognosis is 
dependent on the underlying disorder. 


IMMUNOLOGIC THROMBOCYTOPENIC PURPURA (ITP) 


Prior to 1951, immunologic thrombocytopenic purpura was defined 
as a Clinical disorder of unknown etiology associated with (1) throm- 
bocytopenia and purpura, (2) normal or increased megakaryocytes in the 
bone marrow, and (3) the absence of splenomegaly and other underlying 
disorders. 

Then Harrington in 1951 established that an antiplatelet factor 
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with autoantibody characteristics existed in the serum of many of these 
patients and, thus, added a new dimension to the diagnosis. 

No longer considered a single disorder, immunologic thrombocy- 
topenic purpura reflects a syndrome composed of diverse entities which 
have a few characteristics in common.’ One must demonstrate directly 
or indirectly that a shortened platelet life span exists and that the 
disease has an “immunologic” pathogenesis in order to establish a cor- 
rect diagnosis. The disease is not always idiopathic, but may be second- 
ary to other underlying disorders which produce a picture of thrombocy- 
topenia by an autoimmune or allergic process. At times, it is exceedingly 
difficult to establish whether the disease as it initially presents is truly 
idiopathic or secondary. Thus, Baldini has suggested that the meaning 
of ITP should be altered to “immunologic thrombocytopenic purpura.” 
However, confusion has existed with the term when used as a synonym 
for ITP.’ Many series have included purpura caused by secondary forms 
of immune thrombocytopenia, while others''? reserve the term ITP to 
describe patients with thrombocytopenia, with normal or increased mar- 
row megakaryocytes, in the absence of an underlying systemic disorder 
or suggestive drug ingestion history. Dameshek*! noted the presence of 
abnormal megakaryocytes in the marrow of patients with this disorder 
(absence of platelet budding, lack of granulation, vacuolization, etc.), 
and interpreted this finding to represent a decrease of platelet produc- 
tion by way of a humoral antagonist. Doan*! suggested that the disorder 
was secondary to increased platelet destruction by the spleen. Generally, 
it is now accepted that ITP is caused by increased platelet destruction in 
the reticuloendothelial system,** predominantly by the spleen, and that 
increased megakaryocyte production and number occur proportionately. 

Initially, in the work-up of ITP, it is important to ascertain that the 
patient affected demonstrates increased platelet destruction secondary 
to an immunologic process and then to determine if this is idiopathic 
or secondary in nature. Unfortunately, measurement of platelet life 
span with radioisotope techniques is still difficult and not readily avail- 
able in all institutions. The demonstration of antiplatelet antibody in the 
absence of previous numerous platelet or blood transfusions is impor- 
tant in establishing a diagnosis of an autoimmune state. However, at the 
present time a practical, sensitive, and well proved serologic test for ITP 
is not available. Newer serologic antibody techniques have shown a 
higher percentage of positive confirmatory results suggesting increased 
sensitivity of these methods; however, negative results are not neces- 
sarily reliable.2 Therefore, the diagnosis of ITP syndrome is often es- 
tablished indirectly by excluding other disorders associated with throm- 
bocytopenia caused by non-immunologic mechanisms (Table 3). 
Generally, in most patients, the combination of normal or increased 
marrow megakaryocytes along with peripheral blood thrombocytopenia 
is caused by increased platelet destruction. Ineffective thrombopoiesis 
associated with increased megakaryocytes in the marrow, but with a 
normal platelet life span and peripheral blood thrombocytopenia, is rare. 
Thereafter, one must determine whether the immunologic process is 
truly of an idiopathic or secondary nature. 
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Table 3. Differential Diagnosis of Immunologic Thrombocytopenic 


INEFFECTIVE 
THROMBOCYTOPOIESIS 


Purpura 


NON-IMMUNE PLATELET 
DESTRUCTIVE DISORDERS 


IMMUNE PLATELET 
DESTRUCTION 


Pernicious anemia 


Septicemia 


. Idiopathic Forms 


Paroxysmal nocturnal Hypersplenism Acute 
hemoglobinuria Intracorpuscular platelet Recurrent 
Pre-leukemic states defects Chronic 


DiGuglielmo’s syndrome 


Disseminated intravascular 
coagulopathies and asso- 


versus 


ciated states 
Secondary Forms 

Systemic lupus erythema- 
tosus 

Evan’s syndrome 

Lymphoproliferative dis- 
orders 

Drug-induced 

Post transfusion 


The idiopathic form of immune thrombocytopenia can be classified 
temporally into acute, chronic, and recurrent types. 

The acute variety is seen most frequently in children, generally oc- 
curring before 8 years of age. Often the onset can be related to an ante- 
cedent seasonal (winter-spring) viral illness, rarely occurs after vaccina- 
tion for a viral disorder, or may be related to drug intake. The infection 
which commonly precedes the onset of thrombocytopenic purpura by 1 
to 3 weeks is usually upper respiratory or secondary to exanthematous 
childhood illness. In the acute form, the sudden purpuric onset 
frequently is associated with mucous membrane blood blisters. Marked 
thrombocytopenia is commonly present. The disease runs a self-limited 
course averaging 1 to 2 months, but may range from 1 week to 3 to 4 
months. Both sexes are equally affected. The disease generally has a fa- 
vorable prognosis, but 27 deaths have been reported in 709 cases not 
treated with steroids.“ The majority of deaths have been secondary to 
cerebral hemorrhage. Approximately 8 to 10 per cent of the cases may 
progress to the chronic, self-perpetuating form. 

Adults affected with this variety of ITP usually have more severe 
manifestations than those seen in children. Bleeding from the gastroin- 
testinal tract, hematuria, severe purpura, epistaxis, and central nervous 
system hemorrhage are more frequent in the adult (this disorder in the 
adult is often related to drug hypersensitivity, quinidine being most 
commonly implicated). 

Acute ITP occurring several weeks after a viral illness should not be 
confused with the severe thrombocytopenia at times accompanying an 
acute viral illness, during the viremic phase. This mechanism is not one 
of immunologic origin, but reflects a direct effect on platelet agglutina- 
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tion and destruction along with decreased megakaryocyte production in 
the marrow. 

The chronic form characteristically has an insidious onset with an 
accompanying long history of easy bruisability and, in women, is 
frequently associated with menorrhagia. Commonly, the platelet count 
is moderately decreased, usually in the range of 30,000 to 80,000 cu 
mm. Females clearly display a higher incidence of this variety with a 
frequency somewhere between 2 to 4: 1 over males. Clinically, these pa- 
tients have petechiae and ecchymoses. At times, no other signs are 
present. Splenomegaly is rarely found and, when present, one must 
seriously question the diagnosis of an idiopathic form of disease. Other 
bleeding sites include the gums, vagina, gastrointestinal, or genitourin- 
ary tract. Central nervous system bleeding occurs in a low percentage of 
cases and generally early in the disease. The disease may last for many 
years with cyclic remissions and exacerbations and is considered a self 
perpetuating disorder.’ During remission, the patient is free of purpura, 
but the platelet counts remain at levels one third to ene half normal. On 
occasions, the disease becomes milder after many years and may en- 
tirely disappear. In most cases, the disease is not severe enough to be 
life threatening, although a mortality of 6.8 per cent in a series of 147 
patients!! has been reported. 

Lastly, the recurrent ITP variety occurs in a relatively small per- 
centage of patients. Mostly these cases are of an acute variety. Throm- 
bocytopenia lasts from weeks to months spaced with intervals free of 
active disease with return of normal platelet counts and survival. Sub- 
sequently, relapses occur again associated with purpura, thrombocyto- 
penia, and shortened platelet survival. 

LABORATORY FINDINGS. Characteristic laboratory findings help to 
establish the diagnosis. The platelet count is moderately to severely 
decreased, and this is associated with an increased bleeding time and 
capillary fragility. Generally, red cell counts are normal, but it is not un- 
usual to find secondary iron deficiency anemia, particularly in women 
with menorrhagia. Typically, normal white cell counts are present. The 
bone marrow shows normal or increased numbers of megakaryocytes 
with secondary qualitative changes, as previously described. The trans- 
fusion of*!Cr-labelled normal platelets into patients with ITP discloses a 
shortened survival time and a relationship between platelet survival and 
platelet count can be demonstrated. 


Treatment 


Treatment is dependent on the clinical variant. Secondary cases of 
immune thrombocytopenia are best managed by appropriate therapy 
directed against the underlying primary disorder. At times, however, 
therapy similar to that for the idiopathic cases is instituted in an effort 
to correct the associated thrombocytopenia. 

Therapy in the truly idiopathic forms is dependent on whether the 
variant is acute or chronic. Generally, the acute form in children is ac- 
companied by an excellent prognosis, as noted above. 
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In the chronic form of this disease, the major lines of therapy have 
included corticosteroids, splenectomy, and immunosuppressive agents. 

In general, it has been our policy to pursue the following approach 
in patients with chronic ITP. Initially, high dose corticosteroids in the 
range of 1 to 1.5 mg per kg per day are given for approximately 4 weeks. 
Subsequently, we find two major indications for splenectomy: (1) fail- 
ure of response with lack of return of platelet counts to normal range, 
and (2) relapse of thrombocytopenia after normal levels are achieved, 
and steroid dosage is tapered and stopped. Patients who have had a good 
response to corticosteroids usually respond favorably to splenectomy, 
but there is no strict correlation between the response to these two 
modes of therapy. In general, patients with platelet rises above normal 
levels postoperatively have a better chance of achieving a permanent 
remission.'’”> Splenectomy may be effective in two ways: (1) it removes 
the major site of platelet sequestration and destruction and (2) removes 
a major site of antibody production. 

Much of the literature supports more procrastination in the manage- 
ment of chronic ITP. Some suggest that splenectomy can be delayed in- 
definitely as long as platelet counts remain at ‘‘safe”’ levels, i.e., greater 
than 50,000, with no or low dose steroid management.” In our experi- 
ence, the splenectomy approach has been associated with far fewer com- 
plications. Subsequent response rates to splenectomy vary between 50 
and 85 per cent dependent upon the series reviewed. Much of the varia- 
tion reflects differences in the classification of ITP, as noted in the pre- 
ceding discussion; undoubtedly, truly idiopathic forms have a higher 
response rate than those secondary to another primary medical disorder. 

If corticosteroids and splenectomy fail to achieve a remission or if 
relapse occurs, immunosuppressive therapy can then be considered. 
This form of therapy is reserved for the most resistant patients and, 
therefore, the low response rate of 20 to 30 per cent is not surprising. 
Recently,? vincristine has been reported to be effective in a relatively 
high percentage of such cases, but more clinical trials are necessary to 
confirm these findings. 


SYSTEMIC Lupus ERYTHEMATOSUS (SLE) 


Systemic lupus erythematosus is a much discussed autoimmune 
connective (collagen) tissue disorder characterized by protean manifes- 
tations of multisystem involvement. Various hematologic abnormalities 
are seen with this disease and these may be the presenting features of 
the illness. Within the scope of this discussion, we are primarily inter- 
ested in presentations of SLE reflected by immune thrombocytopenia 
and/or hemolytic anemia. 

In some series, warm antibody type AIHA diagnosed in young 
women between age 10 and 30 results in the diagnosis of SLE in nearly 
50 per cent of cases.”® The serology in hemolytic anemia associated with 
SLE is unusual and characteristic. The autoantibody has not been 
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shown to be anti-Rh and a component of the antibody fixes complement. 
Its specificity has not yet been identified. 

The role of splenectomy in SLE associated with these immune 
disorders has been controversial.” Initially, it was believed by various 
writers that splenectomy might lead to a dissemination of latent SLE 
and this view was supported mainly by Dameshek and his colleagues27 
The theory proposed by this group was that the spleen exerted a “‘stay- 
ing or inhibitory effect” on the lupus process,” and secondly, its removal 
could modify the immunologic behavior within the body, resulting in 
the sudden activity of a primarily latent lupus process.*° Thus, they rec- 
ommended a more conservative approach to these immune entities 
rather than the precipitous use of splenectomy. 

However, against this theory is the concept that SLE is a disease of 
autoimmunization and the spleen is a major site of immune antibody 
formation. Thus, the presence of the spleen would have to both aggra- 
vate and protect the individual against the lupus process, and this is a 
difficult concept to accept.” 

Best and Darling” reviewed the world literature and concluded that 
some individuals who are prone to develop SLE also have the same like- 
lihood to develop immune cytopenia. Temporally, the development of 
the two may be quite close. However, review of these cases failed to 
substantiate the claim that splenectomy leads to dissemination of SLE, 
but on the contrary, its effect has often proved to be quite beneficial. 
Others have supported Best’s conclusions.*: * Doan*® points out that 
SLE occurs in 2 per cent of cases with ITP, but in only 1.2 per cent of 
those patients subjected to splenectomy. 

In general, we do not delay splenectomy in a steroid unresponsive 
ITP or AIHA case, when overt evidence of SLE does not exist. Addi- 
tionally, we concur that there is no clear cut evidence that splenectomy 
exerts a deleterious effect on SLE, should it become overt following the 
procedure. At times, splenectomy is quite valuable in SLE when these 
immunocytopenias develop in the course of this disorder. 


EvANs’ SYNDROME” 


This disorder is mentioned to note the rarity of the association of au- 
toimmune hemolytic anemia and ITP in the same individual. The 
thrombocytopenia and anemia can occur at the same time or alternately. 
The etiology may be idiopathic or secondary to another underlying dis- 
ease, usually lymphoma. The prognosis is generally poor.” 


CONGENITAL HEMOLYTIC STATES 


HEREDITARY SPHEROCYTOSIS 


Hereditary spherocytosis (congenital hemolytic jaundice) is a hemo- 
lytic disorder with intrinsically abnormal erythrocytes. The disease is 
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one transmitted with autosomal inheritance. Its Mendelian dominant 
pattern is generally confirmed through investigation of the afflicted indi- 
vidual’s family. The condition may be initially discovered early in in- 
fancy or it may escape detection until later in adult life, the highest in- 
cidence occurring in the first three decades. It has been described most 
frequently in people of European origin and is less commonly seen 
among Negroes. 


Etiology and Pathophysiology 


Dominant thought in hereditary spherocytosis has been directed 
toward the nature of the structural and metabolic red cell abnormality 
along with the spleen’s ability to detect this defect, and subsequently 
lead to the red cell’s early destruction. The precise defect remains un- 
known, but most research supports the concept that the structure of the 
cell membrane is abnormal**:*” and permits an increase of red cell Nat 
permeability? The membrane defect manifests itself by a surface area 
deficiency which permits the erythrocyte to assume a spheroidal shape. 
Secondarily, the altered Na* flux causes an increase of cellular glucose 
utilization, resulting in membrane lipid instability. Ultimately, red cell 
stagnation in the unfavorable splenic pulp environment produces a 
series of characteristic changes including the loss of membrane and 
membrane function. This leads to cellular death with eventual erythro- 
phagocytosis occurring. The cells that escape splenic macrophages and 
reappear in the circulation are now more spherical and rigid, and thus, 
more likely to be trapped and destroyed during their subsequent splenic 
passage.!° 


Clinical Features 


The essential clinical manifestations of this disorder include ane- 
mia, jaundice, and splenomegaly. The degree of anemia and jaundice is 
generally mild to moderate and is rarely severe. The icterus generally 
parallels the degree of anemia, as it is related to the red cell destruction 
with subsequent production of increased levels of unconjugated biliru- 
bin. When the unconjugated bilirubin load presented to the liver ex- 
ceeds its capacity to conjugate, elevated serum bilirubin levels occur 
with subsequent jaundice. As a result of the increased metabolism of 
the bile pigment, gallstones are quite common, even in children. Gener- 
ally, the patient’s jaundice is of an alcoholuric type; however, occasion- 
ally bile is detected in the urine of these patients which may be the 
result of biliary tract obstruction from gallstones or secondary to hepatic 
damage from severe hemolytic crises, transfusion induced hepatitis, etc. 

Periodic exacerbations of hemolysis can occur and often are related 
to emotional stress, fatigue, and exposure to cold. During these sudden, 
relatively minor flare ups, the patient may complain of nausea, vomit- 
ing, abdominal pain, and fever. The degree of hemolysis is fairly con- 
stant and red cell counts may be normal depending on the compensatory 
capacity of the marrow. At times, anemia is not found in affected indi- 
viduals and the diagnosis is established only after another family 
member has been diagnosed with the disorder. 
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Fortunately, severe hemolytic crises are infrequently associated 
with hereditary spherocytosis. Often, these are accompanied by 
pyrexia, severe dyspnea, vomiting, abdominal pain, tachycardia, and pal- 
pitations with occasional fatalities. Their onset is abrupt and generally 
follows acute infection, frequently of a viral nature. Severe pancyto- 
penia and reticulocytopenia can subsequently develop and marrow evalu- 
ation often shows a hypoplastic state during the crisis, particularly affect- 
ing the erythroid series. The crisis is augmented by continued shortened 
red cell survival in non-splenectomized patients, but marrow recovery 
generally occurs within a few days following such acute episodes. Oc- 
casionally, folic acid deficiency can occur related to the increased utili- 
zation of folate from rapid red cell turnover. In this situation, reticulocy- 
topenia with pancytopenia may again develop, reflecting the megalo- 
blastic marrow change. 

Splenomegaly is expected and those spleens not palpated prior to 
splenectomy are found to be enlarged at the time of operation. Oc- 
casionally hepatomegaly is present, but it is usually not remarkable. As- 
sociated abnormalities may include prominent eyes, wide root of the 
nose, altered teeth, palatal defects, and polydactylia.2” Typical radiogra- 
phic abnormalities of chronic anemia may also be present.'® Chronic, 
usually bilateral, leg ulcerations unrelated to varicosities represent a 
rare complication. Interestingly, these ulcerations tend to quickly heal 
following splenectomy, but their pathogenesis is unclear.?’ 


Treatment 


Splenectomy is the treatment of choice in hereditary spherocytosis. 
The response is virtually 100 per cent, with cessation of hemolysis; 
however, the demonstrable red cell defect persists. Within a few days 
after splenectomy, red cell survival becomes normal and the intensity of 
jaundice is reduced. 

Hematologists generally agree that an established diagnosis of he- 
reditary spherocytosis warrants splenectomy even when the anemia is 
fully compensated and the patient is asymptomatic. The longer the 
hemolytic process persists the greater the potential risks of complica- 
tions such as aplastic crises and cholelithiasis. 

The appropriate timing of splenectomy in the very young has been a 
much discussed issue. Considerable controversy has existed regarding 
the incidence of infection following this procedure in children.'» 4” °° 
51, 75. 119 However, separation into two distinct categories has been helpful 
in identifying the high risk patients. Normal children who are subjected 
to splenectomy for ITP, hereditary spherocytosis, or following trauma 
generally have no significant increased risk of infection postoperatively,” 
while those children with immune deficiency states such as the Wiskott- 
Aldrich syndrome, malignancy, or other serious underlying diseases 
have a high incidence of severe and often fatal infections after the 
procedure."! 

Splenectomy should be delayed until the third or fourth year of life 
to help avoid the theoretical risk of increased infection unless severe 
hemolytic crises or other complications force earlier intervention. The 
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gallbladder should also be evaluated preoperatively with appropriate x- 
rays, and at the time of operation. If gallstones are found, cholecystec- 
tomy is recommended at the time of splenectomy. 

At the time of surgery, a search for accessory spleens should also be 
made. An overlooked accessory spleen is the most likely cause of failure 
of response to splenectomy in a correctly diagnosed patient. Splenic 
implants, “splenosis,” occurring within the peritoneal cavity as the re- 
sult of splenic rupture during splenectomy has been also reported as an 
occasional cause of relapse in hereditary spherocytosis. 


HEREDITARY ELLIPTOCYTOSIS 


Hereditary elliptocytosis or ovalocytosis is a relatively rare autoso- 
mal dominant disorder” affecting 0.02 to 0.05 per cent of the population. 
Normally, up to 15 per cent oval or elliptical cells can be seen normally 
on a peripheral blood smear; in this disorder the incidence is at least 25 
per cent, and is commonly as high as 75 to 90 per cent. Elliptocytes also 
have been seen in higher than normal percentages in sickle cell anemia, 
thalassemia minor, and hemoglobin-C disease, as well as in macrocytic 
and hypochromic microcytic anemias. 

Of interest is the evidence that in some families the gene connected 
with this disorder is linked to an Rh blood type, while other families lack 
such a linkage.®:7*-°® ®:89 The hemolytic variant appears to occur more in 
families not shown to possess this Rh linkage. Variability exists as to 
the degree of hemolysis within the same family. Severe hemolysis most 
commonly affects those who are felt to be homozygous for this gene. 

The cell defect appears to share many features with hereditary 
spherocytosis —an abnormal cell shape associated with increased splenic 
destruction and evidence of a membrane permeability defect with resul- 
tant increased rate of ATP utilization.** %- %% 102 

Treatment is splenectomy for all symptomatic patients and chole- 
cystectomy is also to be considered if gallstones are present. After 
splenectomy, the red cell morphologic defect persists but active hemo- 
lysis abates with correction of the anemic state. 


THROMBOTIC THROMBOCYTOPENIC PURPURA (TTP) 


This fascinating disease was initially described in 1925 by Mosch- 
cowitz.*° Subsequently, over 300 cases have been reported and the in- 
cidence appears to be increasing, although this may merely reflect bet- 
ter recognition. Classically, thrombotic thrombocytopenic purpura is 
characterized by a triad consisting of hemolytic anemia of the mi- 
croangiopathic type, thrombocytopenic purpura, and neurologic abnor- 
malities. Since fever and abnormalities of renal function are also gener- 
ally present, some prefer to describe a pentad of clinical findings.*! The 
classic histopathologic lesion consists of widespread hyaline occlusions 
(thrombi) affecting small vessels, terminal arterioles, and capillaries. 
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Clinical Features 


The disorder may occur in the newborn or the elderly, but is most 
common between the ages of 10 and 40, with the peak incidence in the 
third decade. Two variants are usually seen, an acute and a chronic type. 
The acute form is more common and is fulminating, death frequently 
occurring within several weeks. The less frequent chronic form may be 
present for months or years. The prodromal phase may include symp- 
toms of arthritis, myalgias, pleuritis, and other vague complaints. 

The anemia is of a microangiopathic type related to passage of red 
cells over the damaged small blood vessel walls. It is frequently severe 
and is the hallmark of this illness. Striking morphologic changes of red 
cells include characteristic fragmentation, burr cells, and helmet cells 
present on peripheral smear; secondary marked reticulocytosis and 
nucleated red cells are also seen. Coombs tests are generally negative, 
but hyperbilirubinemia of the indirect reacting type is common, often as- 
sociated with visible jaundice. Hemolysis is the major cause of the ane- 
mia, but hemorrhage secondary to thrombocytopenia may also be a con- 
tributing factor. 

Thrombocytopenic purpura and secondary bleeding manifestations 
are common. Purpura and retinal hemorrhages occur most frequently, 
but major gastrointestinal or genitourinary bleeding is also seen.® 
Platelet counts range from 10,000 to 120,000 in most cases. The throm- 
bocytopenia is likely secondary to a shortened platelet life span. Of note 
are the usually normal prothrombin and clotting times, though occa- 
sionally they may be prolonged. At times, hypofibrinogenemia is present, 
suggesting fibrinogen consumption similar to that seen in DIC. 

Neurologic manifestations, such as headache, mental change with 
alterations in the state of consciousness including coma, seizures, 
paresthesias, aphasia, dysarthrias, visual changes, paresis, and cranial 
nerve palsies, may be presenting features. These abnormalities are remit- 
tent and subject to frequent and rapid alteration. Aphasia and hemi- 
plegia may clear within hours after their appearance, and are secondary 
to the marked involvement of small vessels in the gray matter of the ce- 
rebral hemispheres and brain stem. Cerebral infarction is rarely seen 
despite the widespread occlusive processes, and this may be responsible 
for the transiency of neurologic features.° 

Fever occurs in greater than 90 per cent of the cases sometime dur- 
ing the clinical illness and may be a reflection of a hypothalamic lesion, 
tissue necrosis, hemolytic products, or pyrogen release from antigen-an- 
tibody induced leukocyte damage.'® Infection has generally not been 
found. 

Renal dysfunction is also frequent, with proteinuria and hematuria, 
microscopic or gross, occurring in more than 90 per cent of the cases. 
BUN is initially elevated in greater than 50 per cent of the cases and in 
higher percentages terminally. Renal dysfunction is not unexpected in 
light of the frequency of typical renal blood vessel involvement. On oc- 
casions, patients may present with acute renal failure secondary to renal 
cortical necrosis.*® 

Abdominal pain is also a common feature and presumably is related 
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to microinfarctions of the pancreas and gastrointestinal tract. Serum 
amylase levels may be elevated, and diabetes has rarely been reported. 
Other features include hepatomegaly and splenomegaly in 20 to 50 per 
cent of reported cases, occasional jaundice, and rare heart block second- 
ary to cardiac conduction system infarction. 

Confirmation of the clinical impression can be made only by biopsy, 
showing the histologic evidence of the aforementioned typical lesion. 
Diagnosis can be made quickly and accurately by bedside biopsy of the 
readily accessible and highly vascular gingival site.*' Diagnosis can also 
be established by histological examination of muscle, skin, bone mar- 
row, lymph nodes, and kidney. 


Prognosis and Treatment 


Usually associated with a mild onset, this disorder runs a rapidly 
progressive fatal course. In an extensive review of 271 patients reported 
by Amorosi and Ultmann,® two thirds of the patients with TTP were 
dead within 3 months of the onset of symptoms. Intracerebral hemor- 
rhage and renal failure are the commonest causes of death. 

Reports of remission and recovery have been made with the use of 
many modes of therapy, including heparin, alone or in conjunction with 
magnesium therapy; exchange transfusion using fresh blood; fibrinoly- 
tic therapy; antimetabolites; massive doses of corticosteroids; dextran; 
and splenectomy. Since 1966, increasing numbers of clinical remissions 
have occurred with the combination of high to massive doses of cortico- 
steroids and splenectomy.® Goldenfarb and Finch suggest the use of 
1000 mg of prednisone daily for 8 to 12 days followed by splenectomy$! 
They point out the usual stabilization of neurologic features and hema- 
tocrit values with the high dose steroids prior to surgical intervention. 
Many of their patients have shown a modest platelet rise during this 
same period, and most of them generally have not required platelet 
transfusion during or following splenectomy. 

Cuttner®? suggests initial treatment with splenectomy and reported 
favorable clinical results in 5 or 6 patients so treated as soon as the diag- 
nosis was confirmed. This procedure was followed postoperatively with 
high dose corticosteroids (1000 to 1200 mg of Solucortef per day) along 
with the use of dextran 70. Corticosteroids are continued over several 
months’ time with gradually decreasing doses, and concomitant dextran 
70 is continued for 2 weeks. A beneficial effect on the injured vessel 
wall along with interference of platelet aggregation appears to be the 
mechanism of dextran action. 

The spleen’s role in TTP may be similar to hereditary spherocytosis, 
in which rigid cells are trapped and fragmented. The red cells escaping 
the splenic circulation may subsequently be even more vulnerable to 
damage and destruction in the abnormally injured and narrowed periph- 
eral vessels.' Thus, splenectomy may interrupt a vicious circle of 
events and, at times, result in prolonged disease control. 

Since the older methods of therapy of this disorder have resulted in 
less than 10 per cent long-term survivors in more than 300 reported 
cases, this disease requires quick recognition and treatment. High dose 
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corticosteroids plus splenectomy, with consideration of dextran therapy, 
are recommended in light of the more favorable reports of long-term 
survivors. Unfortunately, the disease continues to be associated with a 
high percentage of fatalities, and hopefully a better method of treatment 
will be established after the pathophysiology of this disorder is clarified. 


STAGING OF HODGKIN’S DISEASE AND OTHER 
LYMPHOMAS 


In recent years, there has been an increasing trend toward the use 
of laparotomy for purposes of accurately staging lymphomas, and this 
section will deal briefly with a discussion of the pros and cons of this 
procedure in freshly diagnosed cases. 


HODGKIN'S DISEASE 


Prior to the use of staging laparotomies, the major diagnostic tool in 
evaluation of the degree of generalized involvement in Hodgkin’s dis- 
ease was the lymphangiogram. Lymphangiography has also been valu- 
able in clarifying the probable mode of spread of Hodgkin’s disease. 
However, a high percentage of lymphangiographic studies proved to be 
extremely difficult to interpret and were reported as “equivocal” by the 
radiologist. This finding, associated with the need and value of accurate 
staging in this disorder, helped bring diagnostic laparotomy into vogue. 
This procedure has vastly changed our knowledge of the disease and has 
clearly altered the clinical staging of a significant percentage of pa- 
tients. This more accurate approach is valuable in predicting the pa- 
tient’s eventual prognosis, in comparing one series with another, and in 
obtaining guidelines for therapeutic decisions.” 

This diagnostic staging procedure including splenectomy, open 
wedge biopsy of the liver, and biopsy of appropriate intra-abdominal 
nodes has proved to be quite valuable in establishing a more accurate 
staging of this disorder; many instances of clinically inapparent disease 
have been detected and frequent areas of clinically suspected disease 
have been found to be histologically negative. Of interest is the fact that 
splenic involvement may be the only evidence of subdiaphragmatic dis- 
ease in a substantial number of cases. 

Important observations have resulted from these staging proce- 
dures.*” A small percentage of patients (10 to 15 per cent) were found to 
have subdiaphragmatic lymph node involvement not detected by lym- 
phography. Splenic hilar nodes were involved in approximately one half 
of this group and could not be opacified with lower extremity 
lymphangiogram studies. In addition, a significant number of patients 
with no splenomegaly, normal liver function studies, and negative 
lymphangiogram have been found to have occult disease in the spleen 
or splenic hilar nodes. Determination of splenic involvement has been 
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notoriously unreliable, with up to 50 per cent of enlarged spleens being 
negative for tumor; however, spleens over 400 gm are generally all in- 
volved. Hepatic involvement has always been found to be associated 
with splenic involvement. Approximately one third of patients with 
splenic involvement have hepatic disease and a significant percentage 
of patients with initial splenic disease will later develop hepatic spread. 
This suggests spread from the spleen to the liver may be by hema- 
togenous portal dissemination. 

Although staging laparotomy has added much to our knowledge of 
Hodgkin’s disease, controversy exists as to whether this approach 
should be used in all freshly diagnosed cases without evidence of dis- 
seminated Stage IV disease or limited to those in whom the surgical 
findings will alter the eventual treatment plan. In this regard, Johnson 
et al.” have pointed out that surgical staging has improved the accuracy 
of clinical staging, but has not yet been shown sufficiently reliable to 
withhold prophylactic abdominal radiotherapy on the basis of negative 
findings. In the review of his patients with Stage I and II disease, he 
points out that routine laparotomy when viewed retrospectively, added 
little to therapeutic management. In summary, his experience indicates 
that laparotomy is not essential in supradiaphragmatic clinical Hodg- 
kin’s disease for planning radiation therapy. This assumes an awareness 
by the radiotherapist for the necessity of prophylactic upper abdominal 
node and splenic irradiation. In contrast, patients with definite clinical 
evidence of upper abdominal disease, lumbar node or splenic involve- 
ment have an excellent probability of occult lymph node spread to areas 
outside the usual treatment fields or to the liver. In these patients, he 
recommends routine abdominal exploration unless a medical contra-in- 
dication exists. The likelihood of ineffectual treatment in this group 
without proper staging is substantial. Splenectomy in those with spleno- 
megaly is also of value in prevention of radiation damage to the left kid- 
ney and lung. 

Rosenberg™ states “the major value and utility of exploratory la- 
parotomy and splenectomy is to determine the extent of disease, and 
then only if the identification of abdominal disease would alter the ther- 
apeutic program planned”. He points out the major value of this proce- 
dure is the providing of better diagnostic information, primarily con- 
cerning the spleen, and this is of much value if therapeutic decisions are 
dependent upon splenic involvement. In essence, he concludes that 
staging laparotomies should be performed in patients in whom surgical 
findings may alter the therapeutic approach.!” 

Many argue for routine staging laparotomies on the basis that this 
procedure frequently changes the clinical stage of the disease and may 
be critical when open liver biopsy confirms Stage IV disease. Secondly, 
the surgeon can biopsy nodes not visualized by lymphangiography and 
get a better overall evaluation by direct exploration of the abdomen. 
Thirdly, metallic clips or markers can be placed by the surgeon to help 
the radiotherapist map his field of therapy. Fourthly, the removal of the 
spleen with placement of a marker at the splenic hilum permits the 


radiotherapist to better limit his field of radiation and not subject the pa- 
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tient to possible radiation pneumonitis or nephritis. Fifthly, in females a 
bilateral oophoropexy may be performed, attaching the ovaries to the 
posterior uterine wall to hopefully avoid radiation induced sterilization. 
Finally, some feel tolerance to radiation and chemotherapy is better 
tolerated after splenectomy. This is a controversial issue without clear 
data for its support.!!° 

The risks of infection following splenectomy has been suggested as 
a possible deterrent. Most series have failed to show any significant 
increase in bacterial infection after splenectomy. The incidence of bac- 
terial infection does not seem to be higher in lymphoma patients than in 
those who undergo splenectomy for other reasons.** Goffinet et al.>* have 
noted an increase in Herpes zoster infections post-splenectomy which 
have not interfered with therapy and have not resulted in generalized 
zoster dissemination. 

We generally proceed with staging laparotomies in newly diagnosed 
cases of Hodgkin’s disease and have been impressed with the extremely 
low morbidity and rare mortality associated with this procedure. The 
stage of disease, as in other series, has been frequently altered after 
operation, and we find this of value in our choice of therapy. The most 
difficult clinical stage is that of a III-B category and presently our 
approach has been to combine chemotherapy (MOPP) with ‘‘curative”’ 
radiation therapy. However, each case must be individualized and the 
optimal approach is one in which the hematologist, surgeon, pathologist, 
and radiotherapist closely cooperate in the decisions. When the risks of 
the procedure clearly outweigh its advantages, the laparotomy should be 
avoided and staging done by non-surgical techniques. It is difficult for 
one to establish a set rule regarding the best approach to all cases of 
Hodgkin’s disease, and flexibility is of great necessity in helping decide 
the best approach to each patient. 


Non-HopGKIN’s LYMPHOMAS 


Unlike Hodgkin’s disease, the other lymphomas have in the past 
been considered diseases of multicentric origin and patients with these 
disorders frequently present with evidence of widespread disease. Re- 
cent evidence suggests that these entities often spread in a manner sim- 
ilar to Hodgkin’s disease and that staging procedures including laparo- 
tomy can be of benefit in determining the extent of involvement and in 
future treatment planning. 

Although the role of staging laparotomy in Hodgkin’s disease is 
clearly established, its role in the non-Hodgkin’s diseases is far less cer- 
tain. The procedure represents the most controversial aspect in staging 
of these entities. Routine splenectomy was performed at Stanford” as 
part of a pre-treatment evaluation of non-Hodgkin’s lymphomas, and 
Goffinit et al5® have analyzed the results. The major staging difference 
found at laparotomy was the degree of mesenteric node involvement (60 
per cent vs. only 2 per cent in Hodgkin’s disease).” Thus, the proce- 
dure’s primary usefulness appears to be related to the detection of 
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disease in the lymph nodes. This is exceedingly important to the radio- 
therapist as the radiation field must be considerably altered if these 
nodes are involved. Another important finding was the low probability, 
less than 20 per cent, of occult abdominal disease when the patient had 
a negative lymphangiogram and marrow biopsy associated with a non- 
palpable spleen. 

Complications and surgical risks are increased in the non-Hodgkin’s 
lymphomas. This is felt to be related to the older ages of the patients,” a 
more generally debilitated state, and usually more extensive disease. In 
summary, less is known regarding the value of routine laparotomies 
with splenectomy in the non-Hodgkin’s lymphomas. However, the pres- 
ence of clinically localized or early disease warrants a consideration of 
full staging techniques in light of the above information. 


MISCELLANEOUS INDICATIONS FOR SPLENECTOMY 


SPONTANEOUS RUPTURE OF THE SPLEEN 


Spontaneous, or nontraumatic, rupture of the spleen is fortunately 
an uncommon medical occurrence and may be associated with grave 
consequences if not quickly recognized and treated. It is commonly a 
complication of an underlying disease state, although occasionally rup- 
ture of a normal spleen has been reported.'* ** ** The multiple diseases 
which predispose to rupture usually reflect an underlying hematologic 
or infectious process 

Although rare, spontaneous rupture of the spleen is the commonest 
cause of death in infectious mononucleosis. Smith and Custer found it 
second only to malaria as a cause of rupture.''® The event usually occurs 
in the second to fourth weeks of the disease when the pathologic 
changes are most marked. 

Diagnosis of rupture naturally depends on the initial recognition of 
an underlying disease state with the potential for rupture. The acute or 
insidious onset of left upper quadrant or other abdominal pain often 
radiating to the left shoulder, is usually the initial symptom. Abdominal 
pain is uncommon in mononucleosis, for example, and therefore should 
alert the physician to this underlying possibility. Signs of hypovolemia 
and shock are frequently seen along with tenderness in the left upper 
quadrant or flank. A unique clue to diagnosis may be the apparent 
decrease in splenic size in individuals with hematologic disorders."! 
Shifting dullness secondary to free abdominal blood, nausea, diarrhea, 
and the urge to defecate may all be present. Laboratory evidence of rup- 
ture includes falling hematocrit on serial determination, often asso- 
ciated with leukocytosis. Radiographic examinations show elevation of 
the left diaphragm, an enlarged splenic shadow and gastric shadow dis- 
placement medially. Arteriography may be of value in demonstrating ex- 
travasation of the contrast medium into the peritoneal cavity,!° and ab- 
dominal paracentesis is rewarding in approximately half the cases.78 

The importance of early recognition of this abdominal catastrophe is 
obvious, so that immediate splenectomy can be performed. Early inter- 
vention results in an excellent prognosis.!"" 
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WISKOTT-ALDRICH SYNDROME AND HEREDITARY THROMBOCYTOPENIA 


Wiskott-Aldrich syndrome, a sex-linked recessive disease seen in 
children, is characterized by features of chronic thrombocytopenia, ec- 
zema, and immunologic deficiency of both the humoral and cellular im- 
mune systems.” In contrast to classic idiopathic thrombocytopenic 
purpura, patients with this syndrome and sex-linked recessive heredi- 
tary thrombocytopenia have a near normal platelet survival. Defective 
platelet production and accelerated catabolism of intrinsically abnormal 
platelets are considered the more likely causes of thrombocytopenia in 
these rare states. 

Individuals clearly identified as having this disorder have been 
shown to have a high incidence of infection, often fatal, after splenec- 
tomy. Weiden and Blaese’*! suggest that splenectomy in hereditary sex- 
linked recessive thrombocytopenia may also be associated with an 
increased risk of serious fatal infection. Some consider this entity to be 
distinct and separable from the Wiskott-Aldrich syndrome and splenec- 
tomy has been reported of therapeutic value in such patients. However, 
caution is recommended in all such cases because of the potential 
serious postoperative infectious risks. 


APLASTIC ANEMIA 


Aplastic anemia is characterized by pancytopenia with associated 
aplasia or hypoplasia of the bone marrow. The disorder may be idiopathic 
or secondary to a toxic agent, chloramphenicol and phenylbutazone 
being common offenders. It continues to be associated with high mortal- 
ity, and a disease in which medical management is poor. There are scat- 
tered reports of the occasional beneficial effects of splenectomy in this 
disorder.** 7* 48 An improved response to platelet transfusion and longer 
post transfusion platelet survivals in patients who had become refrac- 
tory to platelet transfusions’ occasionally are seen. Also, a resultant 
decreased need for frequency of blood transfusions with higher red cell 
values has been reported by some along with evidence of partial remis- 
sion. Obviously, not all patients are candidates for splenectomy in this 
usually fatal illness. However, it should be considered if the operative 
risk is reasonable, and if evidence of splenomegaly and/or splenic 
sequestration of labeled autologous red cells exists.* Surprisingly, de- 
spite the severe thrombocytopenia and leukopenia in these patients with 
the high risk of bleeding and infection, surgical complications are 
TNR 


SUMMARY 


The purpose of this review has been to present the surgeon with a 
clearer understanding of these disease states and to allow him to make a 
more knowledgeable decision regarding the need for splenectomy in 
their immediate management. The intelligent decision must include a 
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consideration of the surgical risks in each individual patient, and weigh- 
ing of the possible beneficial effects from its performance. In general, 
the operative risk in most patients is low in the hands of an experienced 
surgeon. We have been impressed with the relatively low incidence of 
surgical complications and near absent mortality in the large number of 
our hematologic patients subjected to splenectomy at our institution. 
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Symposium on Surgery of the Liver, Spleen, and Pancreas 


The Dilemma of Hypersplenism 


Lawrence D. Ellis, M.D.,* and H. Lee Dameshek, M.D.** 


The dilemma of hypersplenism has perplexed clinicians since the 
clinical syndrome was first recognized in 1866 by Gretsel as ‘“‘splenic 
anemia.’ Confusion and controversy have continued for over a century 
regarding definition of the syndrome, its pathogenesis and etiology, and 
indications for splenectomy. Jandl and Aster® in 1967 stated that no 
expression in medicine is used by so many to describe such variegated 
phenomena as hypersplenism. Although there continue to be missing 
links in our understanding of the syndrome, increasing unanimity 
among hematologists and surgeons has grown with respect to the in- 
dications for and merits of splenectomy in this syndrome. 

Three essential features which characterize the syndrome of hy- 
persplenism: (1) Splenomegaly. (2) Cytopenia(s) associated with hyper- 
plasia of bone marrow. The reduction in circulating blood cells may in- 
volve red blood cells, granulocytes, and platelets either singly or in any 
combination. (3) Correction of the cytopenia(s) by splenectomy —the 
“sine qua non” of the diagnosis of this syndrome. 

While the dilemma regarding pathogenesis has remained unre- 
solved for over a century, two views include: sequestration of blood cells 
which is enhanced by the enlarged spleen, and production by the spleen 
of a humoral substance which inhibits the production or release of blood 
cells by the bone marrow. There is increasing evidence that sequestration 
is primarily responsible for this syndrome, primarily from two studies. 
First, significant decreases in granulocyte and platelet counts can be 
demonstrated across the splenic circulation by sampling arterial and ve- 
nous blood.'! Second, red blood cells or platelets tagged with chromium- 
51 and injected into patients with hypersplenism results in increased ra- 
dioactivity over the enlarged spleen.!! If this increased radioactivity, 
reflecting sequestration, has a greater than 2:1 ratio when compared 
with similar monitoring of the liver, it is more likely that splenectomy 
will be of therapeutic value. 
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Evidence supporting the “humoral” theory is less convincing. There 
is no question, however, that some patients with aplastic or hypoplastic 
anemias occasionally respond to splenectomy. In addition, a significant 
number of patients with typical hypersplenism do not respond to splen- 
ectomy in spite of positive radioactive sequestration studies, suggesting 
that sequestration is not the only pathogenetic mechanism. 


ETIOLOGY 


Hypersplenism is either a primary or idiopathic hematologic dis- 
order or it is a syndrome induced by splenomegaly produced by a variety 
of diseases. The latter is referred to as secondary hypersplenism. 


PRIMARY HyYPERSPLENISM 


This interesting syndrome formerly was termed splenic neutro- 
penia. It has been recognized more frequently in recent years and is not 
confined to a cytopenia of only the white blood cells. On a clinical level 
the diagnosis is one of exclusion after a careful search for a cause of the 
hypersplenism has been unrewarding, and the pathology of the removed 
spleen is not diagnostic of any secondary underlying disease. Table 1 
lists the criteria for the diagnosis of this specific hematologic syndrome. 

Dacie et al.* refer to this syndrome as “nontropical idiopathic spleno- 
megaly” and have emphasized the value and safety of splenectomy in 
alleviating the cytopenia and abdominal discomfort from the spleno- 
megaly. These authors also reported that 2 of their series of 10 patients 
who underwent splenectomy subsequently developed lymphosarcoma. 
This experience is in agreement with our own as wellas that of others.!7 
We followed 6 of 12 patients who fulfilled the criteria for the diagnosis 
of primary hypersplenism for 10 years. Three of the 6 patients devel- 
oped chronic lymphatic leukemia or lymphosarcoma within 18 months 
of splenectomy. Others have reported a significant occurrence of acute 
leukemia in these patients after splenectomy.!:7 

It seems appropriate to consider primary hypersplenism as a rela- 
tively specific hematologic syndrome which responds favorably to splen- 
ectomy and then follows either a benign or a malignant course. In some 
patients it represents a pre-lymphoma or pre-leukemia state, which is 
recognized only when the malignancy develops at a point in time after 
the splenectomy. 


Table 1. Criteria for Diagnosis of Primary Hypersplenism 


. Criteria for hypersplenism present (splenomegaly, cytopenia, hyperplastic marrow) 
No secondary etiology discovered clinically 

. Pathology of spleen nondiagnostic 

. Good response to splenectomy 

. Possible lymphoma or leukemia after splenectomy 


Th won 
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Table 2. Causes of Secondary Hypersplenism 


Primary liver disease 
Cirrhosis (Laennec’s and postnecrotic) 
Chronic hepatitis 
Wilson’s disease 
Schistosomiaisis 


Extrahepatic portal or splenic vein obstruction 


Collagen-vascular disease 
Systemic lupus erythematosus 
Felty’s syndrome 


Hematologic diseases 
Non-Hodgkin’s lymphomas 
Hodgkin’s disease 
Acute and chronic leukemias 
Idiopathic myelofibrosis 
Polycythemia vera 
Congenital hemolytic anemias (hemoglobinopathies, spherocytosis, P-K deficiency) 


Infections 
Acute (infectious mononucleosis, SBE, psittacosis) 
Chronic (miliary tuberculosis, malaria, brucellosis, Kala-azar, syphilis, histoplasmosis) 


Miscellaneous infiltrative diseases of the spleen 
Sarcoidosis 
Reticuloendothelioses (Gaucher’s disease) 
Amyloidosis 


SECONDARY HYPERSPLENISM 


The possible causes of secondary hypersplenism are multiple and 
diverse (Table 2). It is essential, however, that all possible causes be en- 
tertained both before and after splenectomy in order that appropriate 
treatment of the primary disease can be administered. A recommended 
clinical diagnostic approach to the patient who has the established diag- 
nosis of the syndrome of hypersplenism is included in Table 3. Approxi- 
mately 50 per cent of patients in whom the diagnosis of the primary 
disease is unknown at the time of the appearance of hypersplenism will 
be discovered to have a specific disease with this type of complete 
clinical evaluation. Another 10 per cent will require examination of sec- 
tions of the spleen, liver, or lymph nodes obtained at the time of splenec- 
tomy to establish the cause of the hypersplenism. The remaining pa- 
tients will fall into the previously discussed category of “primary 
hypersplenism.”’ 


THERAPY 


After the diagnosis of hypersplenism is established the therapeutic 
dilemma of splenectomy versus treatment of underlying disease and ob- 
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Table 3. Clinical Evaluation of Hypersplenism 


. Careful history and physical and routine laboratory studies 
. Skin tests for tuberculosis, histoplasmosis, etc. 

Serologic tests for collagen diseases 

Immunoprotein studies 

Needle biopsy of liver and culture 

Bone marrow biopsy and culture 

Lymph node biopsy and culture (if adenopathy present) 

. Angiography of hepatic and splenic circulation 


OPNDAR ONY 


servation of the hematologic picture must be resolved. 

In primary hypersplenism there is general agreement that splenec- 
tomy is indicated once the diagnosis is made on clinical grounds. Not 
only will the surgical removal of the spleen usually result in improve- 
ment, but it also may provide a specific diagnosis when the spleen sec- 
tions are examined carefully by the pathologist. 

When there is a known cause for the hypersplenism (secondary) the 
indications for splenectomy are not as clear. The severity and prognosis 
of the primary disease process must be carefully evaluated and the risk 
of surgery weighed against the benefit achieved by relieving the hyper- 
splenic state. There is an increasing tendency among hematologists to 
recommend splenectomy earlier in many of the diseases associated with 
hypersplenism even if one can expect only a decrease in transfusion 
requirements, decrease in number of infections, prevention of some 
hemorrhagic phenomena, or palliation of pain. Since the decision to 
proceed with splenectomy depends greatly upon the primary disease 
responsible for the splenomegaly, a discussion of each major disease 
category seems warranted. 


PRIMARY LIVER DISEASE 


By far the most common cause of secondary hypersplenism in any 
hospital is primary liver disease. Laennec’s or alcoholic cirrhosis and 
post-necrotic or post-hepatic cirrhosis are the liver diseases most often 
responsible for the development of secondary hypersplenism. The splen- 
omegaly associated with these chronic liver diseases is clearly secondary 
to chronic splenic vein hypertension, which is usually associated with 
portal vein hypertension as well. 

When the syndrome of hypersplenism occurs in these patients it 
may be an isolated manifestation of splenic vein hypertension without 
the serious consequences associated with portal hypertension (e.g., 
esophageal and gastric varices and ascites). In these patients the indica- 
tions for splenectomy would be the same as those for any patient with 
secondary hypersplenism (Table 4). However, when the clinical mani- 
festations of portal hypertension are also present to a degree necessitat- 
ing a portal-systemic-venous shunt operation, the indications for splen- 
ectomy as an additional surgical procedure are more difficult to 
establish. If the patient has a cytopenia(s) which is causing clinical dif- 
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Table 4. Indications for Splenectomy in Hypersplenism 


1. Primary Hypersplenism—Once diagnosis is established 
2. Secondary Hypersplenism 
a. Dependent upon primary disease, medical status of patient, and prognosis 
b. Early splenectomy indicated in non-Hodgkin’s lymphomas 
c. Common causes of secondary hypersplenism when following present: 
(1) Major hemolysis with symptomatic anemia and transfusion requirement 
(2) Neutropenia of marked degree (< 1000 polymorphs per cu mm) with recurrent 
infections 
(3) Thrombocytopenia causing purpura or hemorrhage 
(4) Massive splenomegaly causing incapacitating symptoms 


ficulties, splenectomy should be considered either at the time of the 
shunt procedure or as an independent operation before or after the 
shunt, depending upon the overall clinical status and the urgency for 
the shunt. 

For example, if a patient with marked neutropenia (<1000 granulo- 
cytes per cu mm) secondary to hyersplenism also has had several hem- 
orrhages from esophageal varices, the morbidity of the portocaval shunt 
may be reduced considerably by performing splenectomy first in order to 
alleviate the granulocytopenia and thus avoiding the risk of serious post- 
operative infection following the shunt procedure. Similarly, a signifi- 
cant thrombocytopenia clearly due to hypersplenism (platelet count < 
40,000 per cu mm) would be an indication for splenectomy prior to the 
shunt in order to prevent major operative and postoperative bleeding. 

If technically feasible and if the patient’s general condition permits, 
combining splenectomy with a splenorenal shunt is ideal for patients 
with significant problems associated with both splenic and portal ve- 
nous hypertension. 

A portocaval shunt alone may transiently or partially relieve splenic 
venous hypertension and its resultant congestive splenomegaly and 
thus favorably affect the hypersplenism. However, improvement in the 
cytopenias, if it occurs, is usually quite transient. 

In summary, splenectomy is indicated in patients with secondary 
hypersplenism of clinical significance due to cirrhosis of the liver. If 
there is associated portal hypertension of a degree requiring a venous 
shunt operation, the hypersplenism should then be treated by splenec- 
tomy first, in order to reduce the morbidity and mortality of the longer 
and more potentially serious portal-systemic venous shunt. If feasible, 
splenectomy and splenorenal shunt is an ideal operation for these pa- 
tients. 


COLLAGEN-VASCULAR DISEASE 


Hypersplenism with resultant cytopenias may occur in systemic 
lupus erythematosus or in Felty’s syndrome. In these disorders, there is 
also the possibility that the cytopenia may have an autoimmune basis 
and therefore may be favorably treated with steroids. The indications for 
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splenectomy in these patients should be quite strict since one must 
carefully assess the patient’s overall clinical status as well as his prog- 
nosis. For example, if the patient with systemic lupus erythematosus or 
Felty’s syndrome has not had any infections, bleeding episodes, or symp- 
toms from anemia, splenectomy for hypersplenism should not be per- 
formed. However, splenectomy is indicated fer patients with significant 
neutropenia associated with recurrent infections, thrombocytopenic 
purpura, or symptomatic anemia requiring transfusions if it is deter- 
mined the patient can tolerate surgery. 


HEMATOLOGIC DISEASES 


Malignant Lymphomas 


Hypersplenism with resultant cytopenia(s) occurs not uncommonly 
both in the non-Hodgkin’s lymphomas and in Hodgkin’s disease. 

Recent reports by O’Brien et al.3 and Yam and Crosby”? have demon- 
strated the value of early splenectomy in hypersplenism in the non- 
Hodgkin’s lymphomas, particularly the well-differentiated lymphocytic 
varieties (lymphosarcoma, chronic lymphocytic leukemia, and giant 
follicular lymphomas). Yam and Crosby emphasize the importance of 
early splenectomy once hypersplenism, however mild, develops in these 
lymphoproliferative disorders. Thirty-nine of their series of 50 patients 
had favorable responses to splenectomy. In 27 of these 39, responses 
lasted more than 6 months. Postoperative complications were in- 
frequent. The effect of splenectomy on survival could not be determined 
because of lack of a control study. However, 6 patients were alive and 
well 5 years after splenectomy. Apparent curability of a group of pa- 
tients with giant follicle lymphomas of the spleen has been emphasized 
by Hickling.* In the current classification of the non-Hodgkin’s lym- 
phomas, the patients reported by Hickling fit the category of well-dif- 
ferentiated, nodular, lymphocytic non-Hodgkin’s lymphomas. 

A specific type of non-Hodgkin’s lymphomas termed leukemic re- 
ticuloendotheliosis or ‘“‘hairy cell disease” has a most favorable response 
to splenectomy for early manifestations of hypersplenism. In fact, splen- 
ectomy is the only treatment recommended for this disorder. 

In contrast to the non-Hodgkin’s lymphomas, hypersplenism occurs 
late in Hodgkin’s disease ‘when stage III-B or IV of the disease is 
present. The results of splenectomy have been poor and the morbidity 
and mortality quite high.® '° 


Leukemias 


Except for the chronic lymphocytic leukemia which is best consid- 
ered with the non-Hodgkin’s lymphomas, indications for splenectomy 
for hypersplenism in leukemia are few. In the acute leukemias, the mor- 
bidity and mortality are prohibitive, with little hope for any significant 
response. In chronic myelocytic leukemia the spleen may become huge 
with associated symptoms of pain and discomfort. Some degree of 
hypersplenism may develop but may be difficult to interpret, particularly 
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if there is incipient or actual blast crisis. Splenectomy for chronic myelo- 
cytic leukemia is therefore rarely, if ever, indicated because of the poor 
prognosis and morbidity and mortality of the procedure. 


Idiopathic Myelofibrosis with Myeloid Metaplasia 


Agnogenic myeloid metaplasia is usually associated with myelofi- 
brosis, massive splenomegaly, and a leukoerythroblastic peripheral 
blood smear. A small group of patients with myeloid metaplasia have a 
cellular marrow. 

Hypersplenism, massive symptomatic splenomegaly, splenic infarc- 
tions, a terminal “blast crisis” plus portal hypertension are the major 
complications of this disorder. Hypersplenism is usually manifested by 
significant hemolytic anemia or severe thrombocytopenic purpura. The 
resultant cytopenias are especially severe because of the associated im- 
paired blood cell production due to the myelofibrosis. 

Splenectomy for hypersplenism in this disorder has been associated 
with a high morbidity and mortality in the past.’ Recent series,!! 
especially the Mayo experience, have demonstrated an acceptable mor- 
bidity and mortality from splenectomy when the indications are re- 
stricted. Silverstein and Remine" believe the procedure is indicated in 
those patients who have: (1) major hemolysis not relieved by medical 
management, (2) life-threatening thrombocytopenia, (3) progressive and 
massive splenomegaly leading to severe incapacitating discomfort, or 
(4) portal hypertension. Their results in 29 patients who underwent 
splenectomy demonstrated 3 immediate postoperative deaths and 11 
serious postoperative complications. However, those who survived the 
procedure also survived longer than those treated medically for major 
hemolysis and massive splenomegaly. These authors emphasized an ap- 
parent advantage for females in terms of postoperative complications 
and survival. 

The indications for splenectomy in this serious myeloproliferative 
disorder must be rigid and individualized because of the persistent high 
morbidity and mortality. 


Polycythemia Vera 


It is a rare patient with polycythemia vera who manifests hyper- 
splenism. When it occurs, there most likely has been a transformation of 
the myeloproliferative syndrome to myelofibrosis with myeloid metapla- 
sia and the preceding remarks are applicable. 


Congenital Hemolytic Anemias 


Although hypersplenism per se is not the basic or primary reason for 
hemolysis in the hemoglobinopathies, thalassemias, or congenital non- 
spherocytic hemolytic anemias, it may play a contributory role as the 
splenomegaly becomes progressive. 

Congenital spherocytic hemolytic anemia (hereditary spherocytosis) 
is a unique example of a specific hypersplenic syndrome in which 
splenectomy is curable 100 per cent of the time. 
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Increased sequestration in the spleen should be demonstrated by in- 
vestigative studies prior to considering splenectomy for improving the 
anemia in all of the congenital hemolytic anemias. In most instances, 
the transfusion requirement may be decreased and the anemia only par- 
tially improved even when splenectomy is successful. 


Infections 


Hypersplenism may occur with a variety of acute and chronic infec- 
tions, some of which are listed in Table 2. Usually, appropriate an- 
timicrobial treatment of the primary infectious disease alleviates the 
splenomegaly and therefore the hypersplenism is relieved. 

It is possible in some instances, especially with chronic granuloma- 
tous infections, that the splenomegaly and resultant hypersplenism will 
persist after the completion of an adequate course of antibiotics. If this 
occurs, splenectomy is indicated. We have seen two patients in this cate- 
gory with subacute bacterial endocarditis. They both had persistent 
splenomegaly with a significant cytopenia long after adequate courses 
of intravenous antibiotic therapy. Splenectomy was curative in both 
cases. 


Infiltrative Diseases of the Spleen 


Many disorders of varying etiology may produce splenomegaly and 
hypersplenism as a result of infiltration and replacement of splenic tis- 
sue. In these diseases, splenectomy is indicated for palliation if the 
hypersplenism is significant and more threatening to life than the 
primary disease itself. 


SUMMARY 


While the dilemma of hypersplenism has not yet been resolved, we 
do have a clearer understanding of the pathogenesis of this syndrome. 
Once hypersplenism is established in a patient, the indications for 
splenectomy are dependent upon the primary disease process and the 
associated prognosis. There is an increasing tendency for early splenec- 
tomy in primary hypersplenism and in secondary hypersplenism asso- 
ciated with the non-Hodgkin’s lymphomas of the well-differentiated 
lymphocytic variety. 

Each patient with the syndrome of hypersplenism must be evalu- 
ated individually and the decision for splenectomy made only after 
careful hematologic and medical investigation and an informed dia- 
logue between the surgeon and the hematologist. 
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Symposium on Surgery of the Liver, Spleen, and Pancreas 


Surgery of the Spleen 


Daniel H. Brooks, M.D.* 


For 2,000 years the surgical aspects of splenic disease have been 
surrounded by an aura of mystique. Galen described the spleen as an 
organ full of mystery.'! Pliny thought the spleen produced mirth, and 
persons with large spleens were thought to laugh excessively.!’ 
Morgagni’s observation in 1680 that removal of the spleen did not im- 
pair health added to the mystique.!” 

Splenectomy allegedly was first practiced by the ancients in the 
belief that it improved the speed of runners. An old English translation 
of Pliny’? describes this belief. 


“The member (the spleen) hath a propriete by itself sometimes to hinder a 
man’s running; whereupon professed runners in the race thath are troubled with 
the splene, have a devise to burn waste it with a hot yron.” 


The first recorded splenectomy in a human being was done by Zac- 
carelli of Naples in 1849.!° The operation was performed for splenomeg- 
aly and the patient, a 24 year old woman, is said to have been cured in 24 
days. The veracity of this report has been questioned by many histori- 
ans. There are two other reports of splenectomy in the sixteenth century 
and two cases in the seventeenth century, all quite scanty.'® These early 
successful extirpations were carried out for penetrating abdominal 
trauma and consisted of removal of the damaged spleen from the open 
wound. In America successful splenectomy was first reported by 
O’Brien in 1816 for splenic prolapse following a knife wound.'® 

By the middle of the eighteenth century the way was paved for the 
deliberate extirpation of the spleen. Laboratory experiments by Zambec- 
cari, Malpighi, and Clarke!® had shown that in animals the spleen was 
not necessary for life. The normal survival of patients who had splenec- 
tomy for trauma confirmed these animal findings. 

In 1826 Karl Quittenbaum planned the first splenectomy for pri- 
mary splenic disease, but the patient survived for only 6 hours after 
operation.” In 1866 Spencer Wells performed the first elective splenec- 
tomy in England.?’ Collier published a review of 29 cases of splenec- 
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tomy in 1882 and pointed out that splenectomy in leukemia was not 
uniformly fatal.° 

Unfortunately, cirrhosis of the liver and leukemia were among the 
diseases of the spleen first surgically treated. A high mortality rate 
resulted as was reported by Johnston in 1908 with 66 deaths in 355 cases 
(19 per cent). Surgical technique improved and an increased under- 
standing of hematologic disorders also occurred. The scope of surgical 
correction of splenic disease broadened and was refined. Understanding 
of the role of the spleen in congenital and acquired hemolytic diseases 
such as congenital spherocytosis and idiopathic thrombocytopenic pur- 
pura led to the first splenectomy for purpura by Kaznelson in 1923." 

In 1928 Mayo reported the first large series of patients who had 
splenectomy (500 cases), and demonstrated a good and sometimes 
prolonged remission in leukemia and lymphoma.’ The function of the 
spleen as a filter and as a reticuloendothelial organ have been well 
elucidated during the past 40 years. The role of the spleen in immune 
mechanisms is the remaining mystery of splenic function. Even though 
the frequency of splenectomy for hematologic disorders has increased 
during the past decade, there remains in many instances uncertainty as 
to the value of the procedure. 

The results of splenectomy in hematologic disease depend largely 
on teamwork and the selection of cases by the hematologist. As Whitley 
has stated, the hematologist is the arbiter and the dictator of the surgery 
of the spleen. “Save for rupture of the organ, it is not often that a spleen 
is removed without the hematologist having, not a finger in the pie, but 
a needle in a vein, the sternum, or the spleen itself.’”* 

Over the years, there have been significant changes in the indica- 
tions for splenectomy. Initially, injury to the organ constituted the most 
common indication for operation. During the 1950’s and 1960’s ad- 
vances in hematology led to operations for hypersplenism or other 
hematologic abnormalities. Now, as Fabri has reported, as many as 29 
per cent of the splenectomies performed are incidental. The increasing 
frequency with which surgeons must perform splenectomy mandates a 
thorough knowledge of splenic anatomy and the surgical technique of 
splenectomy. The indications for splenectomy are discussed in detail 
elsewhere in this symposium and will not be reviewed here. 


SURGICAL ANATOMY 


The normal spleen, a specialized capillary bed, weighs 180 gm, is 12 
cm in length, and is located high in the left upper quadrant of the ab- 
domen. Its position is maintained by two folds of peritoneum which 
form the avascular phrenicolienal and gastrolienal ligaments. The lower 
pole is supported by the liencolic ligament. The normal sized spleen is 
not palpable as it lies beneath the diaphragm at the level of the ninth, 
tenth, and eleventh ribs (Fig. 1). The splenic artery arises from the 
celiac axis and follows a tortuous course behind the pancreas, yielding 
the short gastric arteries to the greater curvature of the stomach before 
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Figure 1. Anatomic Relationships of the Spleen. The spleen is supported high.in the 
left upper quadrant in close apposition to the stomach, tail of the pancreas and transverse 
colon. 


it divides within the splenic hilum. The splenic vein returns blood from 
the spleen to the portal circulation. Five or six branches from the 
splenic parenchyma unite to form a single vessel which passes left to 
right, grooving the upper and back part of the pancreas, below the 
splenic artery. Behind the neck of the pancreas the vein unites at a right 
angle with the superior mesenteric vein to form the portal vein. The 
splenic vein receives the short gastric veins, the pancreatic veins, and 
the inferior mesenteric veins. 

The capsule of the human spleen is 1 to 2 mm thick but can become 
considerably thicker both in primary splenic disease and in certain in- 
flammatory diseases of the abdomen. Blood vessels enter the splenic 
substance and follow connective tissue trabeculae dividing the spleen 
into progressively smaller compartments. The spleen’s complex micro- 
circulation and its relation to reticuloendothelial cells provide the ma- 
trix for the filtering and sequestering function of the spleen. 


PHYSICAL AND X-RAY EXAMINATION OF THE SPLEEN 


Physical examination plays an important role in the evaluation of 
patients with surgical diseases of the spleen, but examination of the 
spleen is not a simple procedure to accomplish. The spleen must be one 
third enlarged before transabdominal palpation is possible. Percussion 
dullness along the medial aspect of the tenth and eleventh ribs may in- 
dicate splenic enlargement before it becomes detectable by palpation. 
Bimanual palpation of the spleen is carried out by placing the left hand 
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Figure 2. Method of Examination of the Spleen. a, The right hand is placed on the ab- 
dominal wall. b, As the diaphragm descends with inspiration, the spleen moves caudally. c, 
The right hand rides over the inferior margin of the spleen at the peak of inspiration. 


over the lateral aspect of the costal margin and exerting compression, 
leaving a loose fold of skin over the costal margin. The right hand lies 
on the abdominal wall just below the margin of the ribs. The hands are 
kept still and just before the peak of inspiration the hands are drawn 
together with the right hand dipping beneath the costal margin. If the 
spleen is palpable the finger tips will ride momentarily over its edge. An 
enlarged spleen moves freely with respiration and has a sharp anterior 
edge which may be notched at the splenic hilum (Fig. 2). 

Visceral pain observed in splenic disorders is secondary to splenic 
enlargement and capsular distention. Such pain is felt directly over the 
spleen and is associated with tenderness of the enlarged, tense organ. A 
second form of pain is secondary to compression of surrounding soft tis- 
sue structures and is perceived as local somatic pain transmitted by the 
corresponding intercostal nerves. A third form of pain is phrenic or 
diaphragmatic pain felt at the tip of the shoulder. The embryologic dia- 
phragm develops in the region of the fourth cervical segment, and nerve 
fibers from C3, C4, and C5 descend with the diaphragm during sub- 
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sequent maturation. Irritation of the diaphragm by the enlarged spleen 
or a splenic hematoma yields pain in the left supraclavicular space and 
over the left acromion process of the scapula or over the lateral aspect of 
the clavicle. Sometimes the tenderness can be elicited by compression 
of the left phrenic nerve in the neck (Seagesser’s sign). Shoulder pain is 
most frequently observed in splenic rupture with hematoma formation. 

X-ray detection of splenomegaly is most often accomplished by plain 
roentgenography. An enlarged spleen is easily visualized and measured. 
The spleen is regarded as enlarged if the length exceeds 14 cm and the 
width is greater than 8 cm. The left hemidiaphragm may be elevated 
when the spleen is massive. The stomach contour is changed in about 
70 per cent of patients with splenic enlargement.”! The greater curva- 
ture of the stomach becomes arch-shaped and is compressed toward the 
midline. The antrum is also medially displaced and flattened. Occasion- 
ally, the splenic flexure of the colon is depressed and an impression on 
the colon is made by the lower pole of the spleen. In splenic rupture, 
gastric dilatation and prominent gastric mucosal folds are often ob- 
served, probably secondary to irritation caused by a hematoma in the 
gastrosplenic ligament. In such cases, the splenic flexure of the colon 
is often distended, representing a form of localized ileus in response to 
the injury. 

Abdominal angiography has become an important diagnostic proce- 
dure in the evaluation of occult splenomegaly or an obscure left upper 
quadrant mass or unrecognized splenic injury. Selective catheterization 
and injection of the celiac axis identifies such uncommon entities as 
splenic artery aneurysm, splenic cyst, and benign or metastatic tumors 
of the spleen. Venous phase angiography and splenoportography outline 
the portal venous system and are essential in the evaluation of portal 
hypertension and esophageal varices. 

Radioisotopic scans are valuable in recognition of occult spleno- 
megaly, in identifying the nature of a left upper quadrant mass, for de- 
tection of space occupying lesions within the spleen, and for identifying 
accessory spleens. Multiple views provide good structural detail of the 
spleen. The principal role of the spleen scan is detection of spleno- 
megaly that is not apparent by physical or conventional radiologic exam- 
ination. 


SPLENECTOMY 


Preoperative Preparation 


Preoperative preparation of patients who will undergo elective 
splenectomy plays a large role in determining a successful uncompli- 
cated postoperative course. The coagulation status of the patient must 
be studied and abnormalities corrected if possible. In cases of throm- 
bocytopenia, platelets are not usually administered prior to ligation of 
the splenic artery, but their need should be anticipated. Platelet donor 
packs should be available prior to initiation of the operation. Similarly, 
fresh frozen plasma may be necessary in patients who have a deficit of 
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hepatic coagulation factors. Abnormalities of the prothrombin time are 
corrected prior to operation by the administration of vitamin K. Signifi- 
cantly anemic patients should receive transfusions of packed red cells 
or fresh whole blood prior to operation. Adequate oxygen-carrying capac- 
ity is usually achieved with a hematocrit between 25 and 30 per cent. 

Specific infections should be vigorously treated with culture- 
specific antibiotics, especially in patients whose resistance has been af- 
fected by administration of immunosuppressive agents. Prophylactic 
antibiotics are not indicated in patients undergoing an elective splenec- 
tomy. 

Preoperative pulmonary physiotherapy is quite helpful in patients 
who are debilitated from their hematologic disease, who are immuno- 
suppressed, or who have mediastinal or pulmonary extension of the 
primary disease as may be present in Hodgkin’s disease. 

The upper abdominal incision, trauma to the left upper quadrant of 
the abdomen, and frequent left pleural effusion often lead to significant 
postoperative atelectasis or pneumonia. The magnitude and significance 
of the pulmonary complication can be reduced by vigorous preoperative 
care. 

Acutely injured patients who must undergo an abdominal explora- 
tion and splenectomy require careful immediate preoperative prepara- 
tion. When possible, blood volume should be restored prior to induction 
of the anesthetic. The stomach should be evacuated with a nasogastric 
tube in order to prevent aspiration. An erect chest;:x-ray film should be 
obtained in order to determine the presence of a left pneumothorax or 
hemothorax. If either is present a thoracostomy tube should be placed 
prior to induction of the anesthetic. 

In cases of massive hemorrhage, or when blood is not available, the 
autotransfusion apparatus can be utilized for harvesting of intra-ab- 
dominal shed blood which can be processed and re-transfused. 

Both elective and emergency splenectomy can be carried with a 
mortality of less than 1 per cent and with a low morbidity if the princi- 
ples of preoperative care are carried out. 


Technique 


Splenectomy may be performed using several acceptable techniques. 
The particular disease or clinical setting should determine the method 
the surgeon chooses. 

The choice of incision depends upon the nature of the disease and 
the patient’s physical configurations. Exposure of the spleen is ade- 
quately obtained utilizing a midline, para-median, left subcostal, trans- 
verse, or thoracoabdominal incision. 

The midline incision is chosen in cases of trauma with suspected 
rupture of the spleen, liver, stomach, or pancreas. It is easily and rapidly 
performed, can be extended, and affords good access to the entire upper 
abdomen. A midline incision is also valuable in patients with severe 
thrombocytopenia since there is less hemorrhage and less abdominal 
wall disruption. An incision from the xiphoid to umbilicus is usually ad- 
equate in elective splenectomies. 
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The left para-median incision is preferred by many surgeons for 
elective splenectomy. If the rectus muscle is well dislocated, one does 
not damage the muscle and the exposure is excellent. The incision 
should extend to the costal margin and extend to or just below the 
umbilicus. 

In obese patients, in those in whom there may be adherence in the 
left upper quadrant, or when the spleen is massive, a left subcostal in- 
cision provides good exposure to the spleen. In patients with an acutely 
angulated costal margin this incision provides better exposure of the 
spleen with less retraction of the left lateral abdominal wall. This in- 
cision may be extended into a bilateral subcostal if further exposure or 
performance of an accessory operation (cholecystectomy) is necessary. 

All these incisions should be large enough so that there is no dif- 
ficulty with the intra-abdominal manipulation necessary for mobiliza- 
tion of the spleen. Special care should be taken to be sure there is good 
wound hemostasis. Neglect of this principle may lead to dangerous post- 
operative hemorrhage or wound hematoma formation in patients with 
coagulation abnormalities. Careful avoidance of wound hematoma and 
protection from infection is also important, since many patients who un- 
dergo splenectomy have impaired host resistance. A wound infection in 
such patients may be a life-threatening complication. Closure of the 


Figure 3. Splenectomy Step I. Examination of Splenic Mobility. The right hand is 
passed between the diaphragm and the spleen to ascertain the size of the spleen, its consis- 
tency, and the degree of mobility. 
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wound should be meticulous and accurate, since many such patients 
have received corticosteroids which may impair wound healing. 

After the abdomen has been opened a rapid thorough exploration is 
carried out. In hematologic disease such as spherocytosis the presence 
or absence of gallstones should be specifically noted. In hypersplenism 
with thrombocytopenia unsuspected cirrhosis*of the liver may be en- 
countered. A search for accessory spleens should be made before hema- 
toma or blood staining distorts the gastrosplenic omentum. Accessory 
spleens are found near the hilus of the spleen, in the gastrosplenic 
omentum, in the mesenteries of the small intestine and colon, rarely 
near or in the left testis or ovary, and in the dorsal mesogastrium. An 
accessory spleen is found in about 20 per cent of autopsies. When 
splenectomy is indicated and an accessory spleen is found, the accessory 
spleen should also be excised. 

After completion of the exploration, preparation for mobilization 
and excision of the spleen is made. A nasogastric tube is always placed 
in order to decompress the stomach and allow easier exposure of the 
spleen. Both edges of the wound are widely retracted, and any adhesions 
between the spleen and the anterior abdominal wall, colon, or dia- 
phragm are divided. Further steps in the operation are determined by 
the size of the spleen, the presence of adhesions between the spleen and 
the diaphragm, and the length and mobility of the lienorenal ligament. 

The right hand should be passed between the diaphragm and the 
spleen to ascertain the size of the spleen, its consistency, and degree of 
mobility (Fig. 3). In cases where the spleen is of normal size or when it 
is quite mobile and with no adhesions the organ can be retracted 
medially and ventrally. Division of the avascular ligamentous attach- 
ments is now performed (Fig. 4). Gentle steady ventromedial traction is 
maintained in order to tense the ligaments and allow their division. The 
spleen is gradually delivered into the wound. If tension is encountered, 
the inferior gastrosplenic ligament and the splenocolic ligaments are 
divided between ligatures. As the splenorenal ligament is incised loose 
areolar tissue can be bluntly dissected allowing the entire spleen and its 
pedicle to move ventrally. When the spleen and its pedicle have been 
completely mobilized and delivered up to and sometimes through the 
wound the second stage of the operation is complete (Fig. 5). 

The third stage of the operation consists of division of the gas- 
trosplenic omentum including the vasobrevia of the stomach. Each ves- 
sel should be individually ligated and divided in order to avoid oozing 
and hematoma formation (Fig. 6.). 

With the spleen quite free the final stage of the operation, ligation 
and division of the vascular pedicle, can be performed. The pedicle can 
be isolated from the tail of the pancreas either anterior or posterior to 
the spleen (Fig. 7). Ideally each vessel is individually ligated and fixed 
with a transfixion suture. This can be performed either in continuity or 
subsequent to clamping the vessel. Occasionally because of regional 
trauma or poor exposure it is necessary to double clamp the entire 
pedicle, but this technique risks damage to the tail of the pancreas. 
Mass ligation also risks the potential but rare formation of an arterio- 
venous fistula. 


(Text continues on page 298) 
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Figure 4. Splenectomy Step II. Division of the Avascular Ligaments. Gentle steady 
ventromedial traction allows division of the avascular ligaments and gradual delivery of the 
spleen into the wound. 
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Figure 5. Splenectomy Step III. Division of the Splenocolic Ligament. The gastro- 
splenic and gastrocolic ligaments are divided between ligatures when tension is encountered 
in splenic mobilization. 


, 
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Figure 6. Splenectomy Step IV. Division of Vasobrevia to the Stomach. Individual 
ligation and division of each of the vasobrevia are performed between the greater curvature 
of the stomach and the upper pole of the spleen. 


Figure 7. Splenectomy Step V. Ligation and Division of the Vascular Pedicle. The 
vascular pedicle of the spleen can be isolated either anterior or posterior to the spleen but 
should be free from the tail of the pancreas. Ideally each vessel should be individually ligated 
and fixed with a transfixion suture. 
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Figure 8. Splenectomy Step VI. Inspection of the Splenic Bed. Careful inspection of 
the splenic bed is necessary to be sure there is no active hemorrhage. Sites of potential hem- 
orrhage are the diaphragmatic surface, the ligaments, the vasobrevia, and the splenic 
pedicle. 


Following excision of the spleen, careful inspection is performed to 
be sure there is no hemorrhage. Sources of hemorrhage are the splenic 
bed and ligaments, especially if there is portal hypertension, the vasa 
brevia along the greater curvature of the stomach, veins at the gas- 
troesophageal junction and from the splenic pedicle (Fig. 8). 

In some cases preliminary ligation of the splenic vessels may be 
necessary. When the splenic artery has been ligated, there is contraction 
of the spleen with associated autotransfusion, less blood is lost as the 
operation proceeds, and the coagulation profile may improve, making 
oozing less of a problem. Also, the spleen becomes smaller and less 
dense, and it is easier and safer to mobilize the organ. The best method 
of preliminary ligation of the splenic artery is to open the lesser omental 
bursa, retract the stomach, and dissect the splenic artery just distal to 
its origin from the celiac axis (Fig. 9). Ligation and division are thus 
carried out preliminary to any dissection. This technique is quite valu- 
able when the spleen is huge or when there are extensive adhesions. 
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Figure 9. Preliminary Ligation of the Splenic Artery. The splenic artery may be 
ligated preliminarily in the lesser omental bursa close to its origin from the coeliac axis. 


Drains should not be utilized unless there has been damage to the 
tail of the pancreas. In such a situation a sump catheter with suction 
drainage is preferable and the drain should be removed as soon as 
drainage diminishes. 


COMPLICATIONS 


Complications of splenectomy are related to the anatomic location 
of the spleen, the nature of the condition for which operation has been 
performed, and the systemic sequelae of splenectomy. 

Immediately after operation the most common complication is per- 
sistent or recurrent hemorrhage. At reoperation for hemorrhage after 
evacuation of the hematoma a bleeding site may not always be found. 
Nevertheless, persistent postoperative hemorrhage should not be treated 
expectantly. Platelet transfusions and fresh frozen plasma administra- 
tion are indicated in patients with coagulation disorders and may obvi- 
ate the need for re-exploration. If correction of coagulation disorders has 
been accomplished and hemorrhage persists, reoperation is necessary. 

The serum amylase should be checked periodically following splen- 
ectomy. Transient elevations resolve over the first 2 to 3 postoperative 
days and are of little concern in the absence of symptoms of pancrea- 
titis. Persistent elevation raises the suspicion of a pseudocyst of the tail 
of the pancreas. If fever, pleural effusion, or a left upper quadrant air 
fluid level is present, a subphrenic abscess is likely and surgical drainage 
as well as systemic antibiotic therapy will be necessary. Subphrenic ab- 
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scess occurs most frequently in patients who are being treated with 
immunosuppressive therapy at the time of operation. 

Left lower lobe atelectasis with a small pleural effusion is a quite 
common occurrence following splenectomy and accounts for early post- 
operative fever. It is the consequence of the left upper quadrant opera- 
tion, operative trauma, postoperative pain; ‘hypoventilation and dia- 
phragmatic irritation. Vigorous pulmonary physiotherapy following 
operation diminishes the incidence of this complication. 

Following splenectomy there is a rise in leukocyte and platelet 
count. The thrombocytosis may reach a level of 850,000 to one million 
platelets. Thrombotic complications are not common, but prophylactic 
measures to avoid phlebothrombosis or thrombophlebitis should be 
carried out. Intravenous heparin therapy is not necessary except in pa- 
tients with previous venous disease or thrombotic complications such as 
pulmonary embolism. 

Splenic vein thrombosis is a rare postoperative complication. It 
occurs during the second postoperative week when the platelet count 
has peaked. The symptoms are unexplained abdominal pain and fever. 
Fatal portal venous thrombosis and mesenteric venous thrombosis have 
been reported as a consequence of propagation of the splenic 
thrombus.” If the diagnosis is suspected, anticoagulant therapy is in- 
dicated in order to prevent propagation of the thrombus. The leukocyte 
and platelet count gradually return toward normal after splenectomy. 
Neither anemia nor polycythemia occurs after splenectomy. No long 
term pathologic complication has been demonstrated. Other reticuloen- 
dothelial organs compensate quite adequately for the loss of the spleen. 
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Gastrinomas 


Gastrin-Producing Tumors 


John F. Stremple, M.D., M.S., F.A.C.S.* 


The first report by Robert M. Zollinger and Edwin H. Ellison®* *? in 
1955 of two patients with primary jejunal ulcerations, marked gastric 
acid hypersecretion, and islet cell tumor of the pancreas focused atten- 
tion on this unusual triad of clinical findings. Less than 1 per cent of all 
patients with peptic ulcer will be found to have Zollinger-Ellison syn- 
drome. In 1964, Ellison and Wilson’ established a registry of patients 
with proven gastrinomas which presently contains nearly 1000 patients. 
Because of the data analysis made possible through this tumor registry, 
it has been established that the majority of patients harboring a gas- 
trinoma have a history, physical findings, and x-ray studies typical of the 
patient with an ordinary chronic duodenal ulcer.** Performance of a 
vagotomy and either an antrectomy or a drainage procedure for duo- 
denal ulcer in a patient harboring a gastrinoma is inadequate because 
the primary operation for patients with the Zollinger-Ellison syndrome 
is total gastrectomy.’ The target organ of the gastrin-producing tumor, 
the stomach, must be removed since 59 per cent of gastrinomas of the 
pancreas are malignant and the opportunity of finding a single excisable 
tumor of the pancreas is less than one in four.” 

The development of gastrin radioimmunoassay systems by several 
investigators” ® 79: 41:57 has made it possible to make the definitive diag- 
nosis of a gastrinoma by measurement of serum and tumor tissue gas- 
trin levels. The measurement of serum gastrin levels is the only defini- 
tive test for the preoperative diagnosis of the presence of a gastrinoma. 
Gastrin radioimmunoassay of tumor tissue may also be helpful in distin- 
guishing the microscopically similar carcinoid from non-beta islet cell 
tumors. Serum gastrin determinations are now available to most physi- 
cians. However, the interpretation of levels of serum or tissue gastrin in 
patients before and after operations for customary varieties of gastroin- 
testinal disease has not yet been established. Eight years of experience 
with gastrin radioimmunoassay systems has permitted accumulation of 
over 240 subjects with customary varieties of gastrointestinal disease 
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for baseline data and comparison to those patients with a gastrinoma 
(Table 1). 

As physicians become more familiar with the earlier manifestations 
of the Zollinger-Ellison syndrome, it is important to use tests which 
allow early diagnosis. Perhaps because of growing awareness on the 
part of the clinicians, the Zollinger-Ellison syndrome and multiple en- 
docrine adenomatosis syndrome are being diagnosed more frequently. It 
is unlikely that large numbers of patients with Zollinger-Ellison syn- 
drome are currently undetected. Overt cases are probably rather prompt- 
ly detected because of the current high interest in the disorder. 

One purpose of this paper is to alert the physician to a number of 
unusual clinical situations in which a patient may be harboring a gas- 
trinoma of the pancreas, requiring primary total gastrectomy. These pa- 
tients may then be differentiated from more numerous patients with ei- 
ther ordinary peptic ulcer or other rare associated endocrinopathy, i.e., 
parathyroid gastrinoma, requiring a lesser or different type of operative 
management. The second purpose is to define the clinical situations in 
which gastrin determinations should be obtained from those more 
frequent occasions when the physician need not necessarily obtain a 
“routine” or an “emergency” serum gastrin measurement. 


DIAGNOSIS 


Circumstantial clinical criteria for the Zollinger-Ellison syndrome 
as a part of a differential diagnosis have been proposed by Friesen" and 
Wilson.*? Seven categories of patients with unusual or very unusual 
clinical features will be defined in which the physician should have a 
high index of suspicion for the presence of a gastrinoma: (1) Chronic 
duodenal ulcer and marked gastric acid hypersecretion; (2) Neostomal 
ulcer; (3) Unexplained diarrhea; (4) Peptic ulcer with other endocrine 
abnormalities, particularly hyperparathyroidism and/or strong family 
history of these disorders; (5) Peptic ulcer and unusual tumors in un- 
usual locations; (6) Unusual radiologic findings in the gastrointestinal 
tract; (7) Primary jejunal ulcer. 


Chronic Duodenal Ulcer and Marked Gastric Acid Hypersecretion 


Zollinger-Ellison syndrome is somewhat more common in males 
than females (3:2). The onset of the first symptoms is most common 
between the ages of 20 and 50 years, with a mean of 38 years, but gas- 
trinomas have been reported in children from age 7 and in the elderly to 
age 90. The peptic ulcer diathesis in the Zollinger-Ellison syndrome has 
been said to have a fulminating clinical course, but this is usually not 
the case. Nearly 4 of 5 patients have had gastrointestinal symptoms 
from 1 to 25 years. Seventy per cent of patients with Zollinger-Ellison 
syndrome first present with pain related to chronic duodenal ulcer. It 
has been emphasized that the clinical course of the majority of patients 
initially need not be fulminant. This is probably the primary reason why 
many patients harboring gastrin-producing tumors are initially treated 
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as patients with ordinary peptic ulcer. Although the initial presenta- 
tion of the Zollinger-Ellison syndrome may not be fulminant, the major- 
ity of patients will have a long and catastrophic subsequent clinical 
course which should be recognized before the patient becomes both a 
gastrointestinal and psychological cripple. Perforated ulcer, sometimes 
multiple, has been recently emphasized to be a common occurrence in 
patients with the Zollinger-Ellison syndrome (31 per cent).*4 

Gastric acid secretory function studies may not be important to the 
proper management of some gastrointestinal disease but they are perti- 
nent in the diagnosis of Zollinger-Ellison syndrome. It has been shown 
that a 1 hour fasting or basal gastric juice collection (BAO) followed by 
a 1 hour augmented histamine stimulation (MAO) are the most reliable 
tests for gastric secretory function when done under standard condi- 
tions by well trained personnel.*7 However, measurement of 12 hour 
overnight gastric juice collection may also be informative in the diag- 
nosis of the marked gastric hypersecretion characteristics of Zollinger- 
Ellison syndrome. None of the gastric acid secretory criteria is abso- 
lutely diagnostic. 

The role of acid secretory testing in diagnosis is an adjunct to iden- 
tify those patients in whom there is indication for further evaluation, 
i.e., serum gastrin measurements. Although marked gastric acid hyper- 
secretion has been said to be the hallmark of Zollinger-Ellison syn- 
drome, hypersecretion may not be pronounced. 

Wide variations in rates of gastric acid secretion occur at different 
times in individual patients with the Zollinger-Ellison syndrome.” 
Because the gastric acid levels in patients are not consistently elevated, 
repetition of gastric analysis is advisable. A 1 hour fasting acid collec- 
tion of greater than 15 mEq (85 per cent of patients with Zollinger- 
Ellison syndrome) or 12 hour overnight secretion volume of greater 
than 1000 ml] and 100 mEq of HCl (more than 75 per cent of patients 
with Zollinger-Ellison syndrome) appears as the best screening test for 
the diagnosis of Zollinger-Ellison syndrome. Less than seven per cent of 
patients with duodenal ulcer tested in our gastroenterologic laboratory 
fall into this range. Serum gastrin measurements should be obtained in 
all patients with duodenal ulcer and gastric acid hypersecretion and 
will easily differentiate those with Zollinger-Ellison syndrome from pa- 
tients with usual duodenal ulcer (Table 1). 

Seventy per cent of patients with the Zollinger-Ellison syndrome will 
have a BAO/MAO ratio of greater than 0.6, because increased circulat- 
ing gastrin in patients with gastrinomas stimulates fasting acid secre- 
tion levels that may be equal to that obtained after histamine stimula- 
tion. Polacek and Ellison**® have demonstrated the gastric parietal cell 
mass in patients to be more than six times that measured in normal 
stomachs. Since the maximum histamine acid response is directly 
proportional to the parietal cell mass, this accounts for the extremely 
high maximum histamine acid response in patients with gastrinomas. 

In contrast to the direct relationship between hypersecretion and 
hypergastrinemia in patients with the Zollinger-Ellison syndrome, Tru- 
deau and McGuigan** have reported an inverse relationship between 
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fasting serum gastrin concentrations and rates of gastric hydrochloric 
acid secretion in control subjects and patients with assorted gastrointes- 
tinal disease. We have found no relationship between BAO and MAO 
and serum gastrin levels in patients without Zollinger-Ellison syndrome 
(Table 2). Also, in contrast with the report of McGuigan and Trudeau,’ 
there is no significant difference in the fasting, histamine-stimulated 
and post-prandial serum gastrin levels in patients with ordinary gas- 
trointestinal disease (Table 1). 


Neostomal Ulcer 


In 60 per cent of patients with the Zollinger-Ellison syndrome, the 
correct diagnosis is not ascertained at the time of the first operation for 
peptic ulcer. The diagnosis should be considered when a patient demon- 
strates continued gastric hypersecretion or neostomal ulcer (usually 
multiple and penetrating or perforating) following a standard operation 
for peptic ulcer. It has been stated that most stomal ulcers occurring 
after inadequate surgical procedures for ordinary peptic ulcer occur 
months or years after the initial operation whereas stomal ulceration is 
prompt when gastrinoma is overlooked.'* That this is not necessarily 
true can be seen in Case 1 reported in this paper. After gastrojejun- 
ostomy, measurements of gastric acid secretory function are often 
inaccurate because of reflux of jejunal contents. Acid hypersecretion 
persists because of continued gastrin release by the tumor which is not 
significantly affected by vagotomy. The uncontrolled gastric acid hyper- 
secretion leading to ulceration of a gastrojejunal stoma is much more 
commonly caused by an incomplete vagotomy, to an inadequate gastric 
resection without vagotomy, or to a retained or excluded antrum. Other 
Operative procedures which may be followed by the development of a 
neostomal ulcer are antrectomy without vagotomy, subtotal gastrectomy 
without vagotomy, and vagotomy plus gastroenterostomy. Obviously, 
these cases must be differentiated from those patients with a gastrinoma. 
The history and physical examination, gastrointestinal tract fluoroscopy 
tests for completeness of vagotomy and serum gastrin levels constitute 
the diagnostic approach. Differentiation between ordinary neostomal 
ulcer and patients also harboring a gastrinoma may be difficult, as is 
demonstrated in Case 1, a patient with Zollinger-Ellison syndrome. Data 
concerning the level of serum gastrin in patients with ordinary neostomal 
ulcer without gastrinoma has been lacking. Table 3 shows the fasting 


Table 2. Serum Gastrin Levels and Rates of Gastric Acid Secretion 
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acid and serum gastrin levels in patients with usual neostomal ulcer 
without gastrinoma of the pancreas. Although somewhat higher than 
non-ulcer patients, they are significantly lower than patients with 
Zollinger-Ellison syndrome. 


CaAsE 1. A 53 year old man admitted to the hospital with recurrent upper ab- 
dominal pain had had three previous operations for ulcer and two for recurrent 
ventral hernia. On physical examination there was marked tenderness in the en- 
tire epigastrium. No masses were palpable. There was a large ventral hernia 
measuring 20 cm in diameter. 

Past history showed that 8 years prior to this admission the patient had un- 
dergone hemigastrectomy and gastrojejunostomy for duodenal ulcer with com- 
plete obstruction. Two years later, the patient was admitted for gastrointestinal 
bleeding and severe abdominal pain which were treated medically. Three years 
following his initial gastric surgery, a gastrectomy and gastroenterostomy were 
done for a large posterior neostomal ulcer with complete obstruction. Two years 
following this procedure, the patient was admitted with a diagnosis of bleeding 
from neostomal ulceration. The upper gastrointestinal roentgenogram showed 
two neostomal ulcers with a partial gastric outlet obstruction. He was discharged 
on medical therapy. 

He was re-admitted two months later with severe abdominal pain, nausea, 
vomiting and melena. An upper gastrointestinal roentgenogram again showed a 
large ulcer crater at the gastrojejunal stoma. Five years following his initial -gas- 
tric surgery, a third gastrectomy was done for a large neostomal ulcer. A resec- 
tion of the gastrojejunostomy was performed and a gastroenterostomy done. 
Three years following this procedure he was admitted to the hospital and a gas- 
troscopic examination showed a large ulcer at the anastomosis site. The patient 
was found to have serial fasting serum gastrin levels of 1720 pg per ml, 1710 pg 
per ml, and 985 pg per ml on 3 consecutive days. (Normal less than 50.) 

At operation, now 8 years following his initial gastric surgery, a huge anterior 
gastric ulcer, 3 cm in diameter, was found penetrating into the abdominal wall 
and in addition, there were two large stomal ulcers at the site of his previous gas- 
trojejunostomy. A total gastrectomy was carried out. The pancreas was carefully 
palpated except for the head, where there were dense adhesions, and no tumors 
could be felt. The liver was free of metastatic disease. Postoperatively, the pa- 
tient’s personality changed entirely, he was eating 6 meals and has maintained 
his weight. 


Comment. From the time of his initial gastric surgery, this patient 
had an 8 year history of recurrent neostomal ulcer with severe ab- 
dominal pain, gastrointestinal obstruction and bleeding. Three gastric 
operations and recurrent ulcer disease had rendered the patient a gas- 
trointestinal and psychological cripple. The initial operation was for 
what seemed to be ordinary peptic duodenal ulcer. Because of this long 
and catastrophic history, at least a gastric analysis should have been ob- 
tained. Serial serum gastrin levels along with the patient’s history were 
diagnostic of Zollinger-Ellison syndrome. After careful exploration, no 
tumor was found. 

As in most patients who have had several previous operations, thor- 
ough exploration of the pancreas was extremely difficult. It has been 
stated by Fox” and Wilson*™ that if a tumor cannot be found when a pa- 
tient has markedly elevated serum gastrin levels and high acid secretion 
suggestive of Zollinger-Ellison syndrome, a distal pancreatectomy 
should be performed first and the specimen submitted for frozen section 
to determine the presence of pancreatic hyperplasia or microadenoma- 
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tosis. Pancreatic hyperplasia or microadenomatosis have been reported 
as the only component of the Zollinger-Ellison syndrome in some pa- 
tients. It is possible that associated occult tumors have not been found 
in these patients.” If a tumor is still not found a vagotomy and hemigas- 
trectomy is done.'** However, the case reported is different in that the 
patient had multiple previous operations and marked hypergastrinemia. 
In this case, a tissue diagnosis is not necessary and only primary total 
gastrectomy is indicated.” ™4 


Unexplained Diarrhea 


Eighteen per cent of patients with Zollinger-Ellison syndrome will 
first present with symptoms of uncontrollable diarrhea. Thirty per cent 
of these will eventually develop ulcer symptoms. Cameron and Hoff- 
man‘ have reported that in recent years diarrhea and steatorrhea have 
been recognized more frequently as initial symptoms in Zollinger- 
Ellison syndrome. The diarrhea and steatorrhea in patients with the true 
Zollinger-Ellison syndrome harboring a gastrinoma of the pancreas are 
due to intestinal hyperperistalsis and failure of activation of fat splitting 
enzymes caused by the marked gastric acid hypersecretion. This is sup- 
ported by the observation that gastric aspiration® and total gastrectomy” 
will abolish the diarrhea. 

There is a group of patients who may present with a diarrheagenic 
syndrome without gastric acid hypersecretion.(not caused by the pres- 
ence of a gastrinoma and) or the Zollinger-Ellison syndrome. This 
syndrome has also been called pancreatic cholera or watery diarrhea 
syndrome.”! Verner and Morrison*® described watery diarrhea, hypokale- 
mia, and achlorhydria. Sanzenbacher and co-investigators** have pro- 
posed that the hormone secretin is elaborated from pancreatic islet cell 
tumors in patients with diarrhea but without gastric acid hypersecre- 
tion. Gastric inhibitory peptide (GIP) and vasoactive intestinal peptide 
(VIP) have been reported increased in some patients.® Serum gastrin is 
not elevated. The diarrheagenic syndrome can then be easily differen- 
tiated by gastric analysis from the Zollinger-Ellison syndrome. Gastrec- 
tomy would obviously not benefit these achlorhydric patients. 


CasE 2. A 47 year old woman entered the hospital complaining of epigastric 
pain, nausea, and diarrhea. The patient’s epigastric pain was of 12 years’ dura- 
tion. Two gastric ulcers had been documented 4 years earlier. She had been placed 
on a bland diet and antacid, but returned to the hospital several times because 
of the severe pain. Two years prior to this admission, the patient began to experi- 
ence watery diarrhea which responded only moderately to therapy. The patient 
had no previous gastrointestinal surgery or family history of ulcer diathesis. The 
patient underwent a psychiatric evaluation prior to her admission. 

Physical examination was normal. The upper gastrointestinal roentgenogram 
showed one gastric ulcer and a large duodenal ulcer, and huge gastric, duodenal, 
and jejunal folds with mucosal edema suggestive of Zollinger-Ellision syndrome. 
Diarrhea continued and she became dehydrated. Esophagogastroduodenoscopy 
showed ulceration of the esophagogastric junction, enlarged gastric folds in the 
proximal stomach and two large bulbar duodenal ulcers. Gastric secretion vol- 
ume was 200 ml per hour with a fasting acid output of 51.0 mEq per hour. 

Three days following admission, the patient had a sudden onset of severe ab- 
dominal pain. A chest roentgenogram showed free air under the diaphragms, 
suggestive of a ruptured viscus. Just prior to laparotomy, serum gastrin was 2800 


GASTRINOMAS 311 


SERUM GASTRIN in ZOLLINGER-ELLISON SYNDROME 
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Figure 1. Intraoperative and postoperative serum gastrin levels in a patient .with 
proven Zollinger-Ellison syndrome. Note the decrease to normal 24 hours following removal 
of a solitary tumor in a lymph node near the head of the pancreas. 


pg per ml but the following day after removal of the tumor, the serum gastrin 
level was almost normal at 113 pg per ml (Fig. 1). Ten days after operation, the 
patient died from progressive pulmonary insufficiency. 

At autopsy, serial sections of the pancreas showed no other primary tumor. 
Sections of the tumor in the lymph node excised at operation and pancreas 
removed at autopsy were taken for gastrin radioassay and immunofluorescence. 
Gastrin content of the pancreas was 136 pg per mg tissue and that in the tumor 
was 166,000 pg per mg of tissue. The tumor in the lymph node was a non-beta 
cell adenoma by light microscopy and showed bright gastrin-specific immuno- 
fluorescence (Fig. 2). 


Comment. This patient had a 12 year history of abdominal pain 
and ulcer and a 2 year history of diarrhea. Prior to her last hospital ad- 
mission the patient had no previous operations. Her clinical course was 
relatively benign for a period of 12 years but within 10 days of the last 
admission she required an emergency laparotomy for fulminating ulcer 
disease of the esophagogastric junction, stomach, and duodenum with 
essentially complete necrosis of the duodenum and perforation. Because 
of her history, an ‘“emergency” serum gastrin determination before ex- 
ploratory laparotomy was found to be markedly elevated and diagnostic 
of the presence of a gastrinoma. A primary total gastrectomy was done 
and a single lymph node with non-beta islet cell tumor was excised. 
Within 24 hours postoperatively the serum gastrin level was almost in 
the normal range. Unfortunately, the patient died and no tumor was 
found at autopsy. In this case, the surgeon had been able to completely 
remove the only functioning tumor. 

This would seem the ideal situation for tumor excision without gas- 
trectomy which would have in this case halted ulcer diathesis and diar- 
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Figure 2. Fluorescent micrograph of the gastrinoma removed from case 2 (ZES). The 


cytoplasm of the tumor cells are brightly fluorescent specifically due to the presence of gas- 
tring x53): 


rhea. However, because the surgeon could not be sure at the time of 
operation that he had removed the only tumor, total gastrectomy was his 
only alternative. Fox and co-authors!” !* have reported a 60 per cent sur- 
vival in patients with local tumor excision without gastrectomy, and 71 
per cent survival in patients who had both local tumor excision and total 
gastrectomy. 

The circumstantial clinical manifestations of the Zollinger-Ellison 
syndrome are variable. Many patients present with acute complications 
of peptic ulcer such as perforation or hemorrhage requiring immediate 
operation, thus precluding proper preoperative evaluation. The diag- 
nosis can be suspected in individuals in whom one or more of the cir- 
cumstantial clinical criteria are present. At the time of emergency 
operation this should stimulate a careful exploration of the pancreas, 
liver, duodenum, and enlarged lymph nodes after the emergent situa- 
tion has been controlled. 

A portion of a suspicious and unusual tumor should be frozen for 
tissue gastrin radioimmunoassay measurement and blood drawn for 
serum gastrin determination. Even though in the case of an emergency 
laparotomy, a primary ‘‘standard’’ procedure might seem necessary, a 
markedly elevated “emergency” serum gastrin level would alert the 
surgeon that the patient may rather require a primary total gastrectomy 
as was done in this case. Under certain circumstances the result of a 
serum gastrin determination may be obtained within 4 hours from the 
time a blood sample is drawn. 
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Peptic Ulcer With Other Endocrine Abnormalities 


Patients with gastrin-producing pancreatic tumors frequently have 
both a strong family history of endocrine abnormalities and additional 
tumors in other endocrine glands, primarily the parathyroids (20 to 50 
per cent).'° '* Other commonly involved endocrine organs are the pituitary 
and adrenal glands. This entity of multiple endocrine gland tumors has 
been termed multiple endocrine adenomatosis (MEA). This has been 
further subdivided into MEA-1 or Wermer’s syndrome (acromegaly, 
hyperparathyroidism, and gastrinoma)? and MEA-II or Sipple’s syn- 
drome in which medullary thyroid carcinoma is associated with 
pheochromocytoma. These confusing classifications may not be justi- 
fied since it is now apparent that the “classical” Zollinger-Ellison syn- 
drome and parathyroid gastrinoma are only “components or special 
variants” of the more inclusive multiple endocrine adenomatosis syn- 
drome." '° Any variety of combinations of different hormone excesses 
such as gastrin, insulin, glucagon, ACTH, melanocyte-stimulating hor- 
mone, serotonin, parathormone, prostaglandins, catecholamines, and 
follicle-stimulating hormone may be found and have been suggested to 
be produced by totipotential cells all derived from the embryologic 


foregut.'* 71: 9° 92.38.44 The variety and combinations of production of 
these hormones by the tumor will determine the features of clinical 
presentation. 


With the awareness of multiple endocrine adenomatosis and the in- 
creasing availability of radioimmunoassays for insulin, gastrin, glu- 
cagon, and parathormone, the ability to diagnose this syndrome is 
becoming mainly a matter of alertness on the part of the physician and 
thoroughness in obtaining family histories and laboratory studies. Diag- 
nosis is especially rewarding because surgical treatment is direct and 
demonstrably effective. 

An increased incidence of peptic ulceration (8 to 87 per cent) in as- 
sociation with primary hyperparathyroidism both with and without the 
presence of a non-beta islet cell tumor has been reported." '* ° Patients 
with primary hyperparathyroidism without gastrinoma of the pancreas 
may occasionally present with elevated serum gastrin levels.’ The com- 
bination of hypergastrinemia and peptic ulcer with hyperparathyroidism 
might suggest to the clinician that the patient also has a gastrinoma of 
the pancreas and requires total gastrectomy. However, Stremple and 
Watson“* have found that a parathyroid adenoma associated with hyper- 
parathyroidism may produce both parathormone and gastrin, a parathy- 
roid gastrinoma. Parathyroidectomy should be done first since serum 
gastrin levels will slowly decrease to a normal range. Total gastrectomy 
is not initially indicated in patients in whom the serum gastrin level 
decreases to the normal range, although a ‘“‘standard” ulcer operation 
may be required for persistent ulcer symptoms. Total gastrectomy may 
be required after parathyroidectomy if serial serum gastrin levels re- 
main markedly elevated after parathyroidectomy, suggesting an asso- 
ciated gastrinoma of the pancreas. 


CasE 3. A 54 year old woman was found to have hyperparathyroidism and a 
markedly elevated fasting serum gastrin. Before parathyroidectomy, the patient 
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Figure 3. Fluorescent micrograph of the parathyroid gastrinoma removed in case 3. 
The cytoplasm of cells corresponding to chief cells by hematoxylin and eosin stain are 
brightly fluorescent specifically due to the presence of gastrin (X53). 


was not stimulated with histamine because of severe asthma. Upper gastrointes- 
tinal x-ray and gastroscopic exminations showed no evidence of ulcer. There was 
a family history of peptic ulcers, but not hyperparathyroidism. The patient did not 
have pernicious anemia. 

One week before removal of the left inferior parathyroid adenoma, a blood 
sample from the left brachiocephalic vein showed a serum gastrin level of 2375 
pg per ml; in the peripheral vein the gastrin level was 2035 pg per ml. 

The left inferior parathyroid adenoma was surgically removed. The parathy- 
roid adenoma had a tissue gastrin content of 16,216 pg per mg. Parathyroid tis- 
sue gastrin content determined by immunofluorescent stain (Fig. 3) correlated 
with the gastrin content determined by immunofluorescent stain in a non-beta 
islet cell tumor removed from a different patient with true Zollinger-Ellison 
syndrome (Fig. 2). The cytoplasm of parathyroid cells corresponding to chief cells 
by hematoxylin and eosin stain, were brightly fluorescent for the presence of im- 
munoreactive gastrin. Six other parathyroid adenomata from patients with rela- 
tively normal serum gastrin levels showed only reddish-yellow autofluorescence. 

Three months after the removal of the parathyroid adenoma, mean basal 
serum gastrin had fallen slightly to 1757 pg per ml. 

Twelve months following removal of the parathyroid adenoma mean fasting 
serum gastrin had fallen significantly in three different daily determinations to 
350 pg per ml. 

Seventeen months after removal of the parathyroid adenoma, mean serum 
calcium remained normal at 9.2 mg per 100 ml. Mean fasting serum gastrin 
decreased from 350 pg per ml to 125 pg per ml in three different daily determina- 
tions (Fig. 4). Mean 15 minute postprandial (beef broth) serum gastrin was 295 
pg per ml in three different daily determinations. Basal and Histalog-stimulated 
gastric acid determinations showed no measurable gastric acid. Gastroscopic ex- 
amination showed grossly normal appearing gastric mucosa. Five separate gas- 
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Figure 4. Serial serum gastrin measurements in case 3 before and after parathyroidec- 
tomy. Serum gastrin decreased from markedly elevated levels similar to Zollinger-Ellison 
syndrome postoperatively to a normal range 17 months after removal of a gastrin-producing 
parathyroid adenoma. 


tric mucosal biopsies from the fundus and three from the antrum, reviewed by 
two different pathologists, showed chronic gastritis with identifiable parietal cells 
in the fundus, and normal antral mucosa. Antral (G)-cell hyperplasia was demon- 
strated by both toluidine blue staining and gastrin immunofluorescence. Serum 
vitamin B,, level and Schilling test were normal. 


Comment. In this patient with primary hyperparathyroidism, a 
parathyroid tumor, the vein draining it, and the systemic blood con- 
tained excessive amounts of gastrin. The amount of gastrin found in the 
parathyroid adenoma and serum was similar to that in patients with gas- 
trinoma of the pancreas and the Zollinger-Ellison syndrome. Gastrin 
was found by immunofluorescence in the cytoplasm of the chief cells of 
this parathyroid adenoma. After parathyroidectomy, this patient’s serum 
gastrin has decreased to near normal levels. The time lag for the 
decrease in serum gastrin may be accounted for by antral gastrin (G)- 
cell hyperplasia and initial release of feedback inhibition of antral gas- 
trin after removal of the parathyroid adenoma. The decrease of serum 
gastrin level to near normal may be speculated as reverse corollary to 
the slow decline in elevated serum gastrin after total gastrectomy or 
parathyroidectomy in patients with gastrinoma of the pancreas." 7 

Although this patient with parathyroid gastrinoma had achlorhydria, 
easily eliminating Zollinger-Ellison syndrome, a second patient has been 
studied with hypergastrinemia, gastric acid hypersecretion, and gastrin- 
producing hyperplasia of the parathyroid. These may suggest a need for 
total gastrectomy. However, parathyroidectomy should be done first and 
acid and serum gastrin levels may decrease to the normal range. 


316 Joun F. STREMPLE 


Peptic Ulcer and Unusual Tumors in Unusual Locations 


Patients may have documented duodenal ulcer in addition to seem- 
ingly unrelated and unusual tumors located in unusual locations. Islet 
cell tumors have been identified in the duodenal wall in 13 per cent of 
patients in the Zollinger-Ellison tumor registry”? The associated find- 
ings of a duodenal ulcer and a “carcinoid” tumor should alert the surgeon 
to the possibility of the Zollinger-Ellison syndrome. Serum and tissue 
gastrin levels should be determined. On routine staining and light 
microscopy, the differentiation between carcinoid tumors and non-beta 
islet cells may be difficult. A portion of the presumed carcinoid tumor 
should be frozen at the time of removal and gastrin content of the tumor 
tissue determined by radioimmunoassay and immunofluorescence. The 
author has had personal experience with one patient who had an 
emergency operation for gastrointestinal hemorrhage caused by an ul- 
cerated tumor in the duodenum. Under light microscopy differentiation 
between carcinoid and non-beta islet cell tumor could not be made. Gas- 
trin radioimmunoassay of the tumor showed it to be a carcinoid which 
contained some gastrin but not in the range found in the gastrinoma. Al- 
though a portion of the carcinoid was left behind, a postoperative serum 
gastrin level was normal. Carcinoid and non-beta islet cell gastrinomas 
are often associated as a part of multiple endocrine adenomatosis. 
Therefore, this patient must be followed closely with serial serum gas- 
trin levels in the event that a gastrinoma becomes manifest. Paraduo- 
denal and parapancreatic lymph nodes are frequently involved with 
non-beta islet cell tumor. Non-beta islet cell tumor is frequently found 
in a single lymph node near the superior portion of the pancreas without 
any other primary tumor within the pancreas. 


Unusual Radiologic Findings in the Gastrointestinal Tract 


Radiologic studies show a duodenal ulcer in 4 of 5 patients with 
Zollinger-Ellison syndrome; however, a radiologist may be the first to 
suggest a diagnosis of Zollinger-Ellision syndrome when examining a 
patient with ulcer or diarrhea because of several unusual radiologic fea- 
tures. These include large gastric rugal folds, giant ulcers of the esopha- 
gus, stomach, duodenum, and/or jejunum, and dilation of the duodenum 
and jejunum with fluid levels and mucosal edema. Pancreatic arteri- 
ography may not be helpful in localizing gastrinomas which may be less 
than 5 mm in diameter. However, Gray and associates'® have reported a 
diagnostic accuracy of 60 per cent in islet-cell tumors with arteriog- 
raphy including patients with Zollinger-Ellison syndrome. 


Primary Jejunal Ulcer 


Primary jejunal ulcer, particularly when perforated in a patient who 
has not had previous operation, has been said to be pathognomonic of 
Zollinger-Ellison syndrome.’ It must be emphasized that jejunal ulcer- 
ation after trauma and sepsis is a variant of the stress ulcer syndrome 
and is not related to the presence of a gastrinoma.*” 

The definitive diagnosis of the presence of a gastrinoma is estab- 
lished by markedly elevated fasting serum gastrin levels in a patient 
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with one or more of the previously mentioned circumstantial clinical 
features. 

Hypergastrinemia alone is not specific for Zollinger-Ellison syn- 
drome. Other clinical situations in which fasting serum gastrin concen- 
trations have been reported elevated in the absence of a gastrinoma are: 
patients with achlorhydria and adequate vitamin B,, absorption, per- 
nicious anemia, or hypochlorhydria and chronic gastritis;?'*2> peptic 
ulcer with antral gastrin-(G)-cell hyperplasia;'” > gastric outlet obstruc- 
tion;'' short gut syndrome;* hyperparathyroidism with gastrinoma of 
the parathyroid;** some cases of renal insufficiency;”* and patients with 
pancreatic exocrine insufficiency.’ 

Although serum gastrin concentrations in patients with pernicious 
anemia may be as high as found in Zollinger-Ellison syndrome, these 
patients are easily distinguishable because they have achlorhydria. Pa- 
tients with peptic ulcer, gastric hypersecretion, and hypergastrinemia 
due to antral gastrin-(G)-cell hyperplasia have been classified Zollinger- 
Ellison syndrome Type I as compared to patients with gastrinoma and 
“classic” Zollinger-Ellison syndrome who have been classified as Type 
Il.* These may be distinguished by a meal challenge or by antral 
mucosal biopsy. Patients with Zollinger-Ellison syndrome do not re- 
spond to a meal challenge by increased serum gastrin whereas patients 
with ordinary peptic ulcer and antral gastrin-(G)-cell hyperplasia have a 
marked increase in serum gastrin after feeding.*? Calcium or secretin 
infusion tests may also be useful in separating patients with peptic 
ulcer and antral-gastrin-(G)-cell hyperplasia from those with Zollinger- 
Ellison syndrome. Patients with acute erosive gastritis from ethanol or 
aspirin abuse do not have elevated serum gastrin levels. 

Patients with the short gut syndrome who may have gastric hyper- 
secretion and hypergastrinemia will also respond to a meal challenge 
with an increased serum gastrin concentration.’ In five patients with 
the short gut syndrome fasting serum gastrin concentrations were lower 
than the usual patient with Zollinger-Ellison syndrome and ranged from 
300 to 525 pg per ml. 

Patients with gastric outlet obstruction may have serum gastrin 
levels two to three times normal which may overlap values found in 
Zollinger-Ellison syndrome. These may be distinguished from patients 
with Zollinger-Ellison syndrome by repeated serum gastrin measure- 
ment after nasogastric suction and gastric decompression. 

A patient with parathyroid gastrinoma may be distinguished from 
Zollinger-Ellison syndrome if after parathyroidectomy serum gastrin 
falls to normal. 

Studies with 9 anephric patients showed fasting serum gastrin 
levels to be highly variable, ranging from a low of 10 pg per ml toa high 
of 800 pg per ml with a mean of 208 pg per ml. This is much higher 
than that found in normal subjects and occasionally may be considered 
in the range of Zollinger-Ellison syndrome. 

Pancreatic exocrine deficiency in man has been found associated 
with very high fasting levels of cholecystokinin-pancreozymin,’? which 
cross-reacts with gastrin in some radioimmunoassay systems” and, 
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therefore, an apparent elevated gastrin level may be found in these pa- 
tients. ; 

Fasting, feeding, and histamine does not significantly elevate serum 
gastrin levels in patients with ordinary gastric or duodenal ulcer, or re- 
flux esophagitis from that found in normal patients (Table1). Patients 
who have had vagotomy and pyloroplasty, antrectomy with gastroduo- 
denostomy, or gastrojejunostomy and neostomal ulcer have significantly 
lower serum gastrin levels than patients with Zollinger-Ellison syndrome 
(Table 3). 

The most common cause of inappropriate hypergastrinemia is gas- 
trinoma. Since fasting serum gastrin concentrations may vary in Zol- 
linger-Ellison syndrome, there have been great differences of opinion as 
to the serum gastrin concentration which is diagnostic for the presence 
of Zollinger-Ellison syndrome even when the other causes for hypergas- 
trinemia have been excluded. Fasting serum gastrin concentrations 
have been reported to range from 100 to 400,000 pg per ml.” The very 
high values have been found in patients with liver metastases. Lower 
serum gastrin values are found in patients with a small duodenal gas- 
trinoma, gastrinomas confined to the pancreas, or with metastasis con- 
fined to local lymph nodes. 

McGuigan” has used a fasting gastrin value of greater than 300 pg 
per ml whereas Wilson** has used a fasting serum gastrin value of 
greater than 750 pg per ml as suggestive of the Zollinger-Ellison syn- 
drome. Isenberg and co-authors?! have stated that serum gastrin levels 
may be normal or intermittently normal or normal until provoked by cal- 
cium or secretin. Therefore, these patients with “latent” gastrinomas 
cannot be diagnosed by measurement of fasting serum gastrin alone. 
Some patients*’* have been found to have non-beta islet cell tumors 
and had a fasting serum gastrin level as low as 100 pg per ml. Of 60 pa- 
tients from the tumor registry in whom serum gastrins were deter- 
mined, none had levels below 1000 pg per ml.** There is general agree- 
ment”?! 27 43 -°° that serial fasting serum gastrin levels of 1000 pg per 
ml or greater plus marked gastric acid hypersecretion and the previously 
mentioned clinical features establishes the diagnosis of Zollinger- 
Ellison syndrome in the great majority of cases and no additional infor- 
mation is needed. Because a small group of patients has been reported 
with gastric hypersecretion and borderline hypergastrinemia who have 
been found to harbor a “latent” gastrinoma, various stimulation and 
suppression tests have been proposed to gain additional information and 
“unmask” the presence of a gastrinoma. These include measurement of 
the integrated serum gastrin response to meals, calcium, and secretin. 

In some patients with ordinary peptic ulcer, marked hypergastrine- 
mia in the Zollinger-Ellison syndrome range has been demonstrated. 
This is due to antral gastrin-(G)-cell hyperplasia and overactivity of the 
antral mucosa.'* Normal subjects and patients with ordinary peptic ulcer 
show moderate increases in mean serum gastrin concentrations after 
feeding (Table 1). Berson and Yalow? concluded that when a patient has 
moderate borderline hypergastrinemia and hyperchlorhydria, a feeding 
test is all that is needed to separate these patients from those with Zol- 
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linger-Ellison syndrome. The test meal which most regularly causes sig- 
nificant increase in serum gastrin level in normal subjects is one rich in 
protein such as beef broth.”4 

The results of calcium stimulation tests on acid and serum gastrin 
levels in normal subjects, in patients with duodenal ulcer, and in pa- 
tients with Zollinger-Ellison syndrome have been reported by Passaro 
and associates*! and others.** This test involves the rapid intravenous in- 
fusion of calcium and serial measurement of gastric acid output and 
serum gastrin levels. Patients with very low fasting gastrin levels but 
with gastrinoma respond with a pronounced rise in both acid secretion 
and serum gastrin concentration. Passaro and associates*! have con- 
cluded that the calcium infusion test has aided in the diagnosis of the 
Zollinger-Ellison syndrome especially when fasting serum gastrin was 
not in the diagnostic range. An increase in serum gastrin to more than 
500 pg per ml representing a two-fold or greater increase over the fast- 
ing gastrin level with calcium infusion is considered the criterion diag- 
nostic for the presence of a gastrinoma and has always been associated 
with gastrinoma according to Walsh.*® Although the increase in serum 
gastrin is not as great, calcium infusion increases serum gastrin concen- 
tration in patients with duodenal ulcer and hypergastrinemia due to an- 
tral gastrin-(G)-cell hyperplasia and thus may not always differentiate 
these patients from those with Zollinger-Ellison syndrome.?*!** In addi- 
tion, the calcium infusion test is time consuming and is not without 
hazard from cardiac arrhythmias. Although Passaro has stated there are 
no known deaths reported in the literature due to calcium infusion, he 
also stated that the test should not be performed in patients with cardiac 
or renal disease or in those receiving cardiac glycosides.*! Because of the 
risk and the very few patients in whom it is really necessary for the 
diagnosis of Zollinger-Ellison syndrome, most gastroenterologists are 
not anxious to do calcium infusion studies. 

The response of serum gastrin levels to secretin infusion may be a 
more accurate diagnostic tool for Zollinger-Ellison syndrome." Certainly 
it is a simpler and safer procedure. Secretin infusion suppresses the 
release of antral gastrin following a meal in normal subjects and those 
with duodenal ulcer, including those with hypergastrinemia due to an- 
tral gastrin-(G)-cell hyperplasia but stimulates release of gastrin in pa- 
tients with Zollinger-Ellison syndrome. Korman and co-workers”® distin- 
guished a patient with retained antrum from gastrinoma by employing a 
secretin infusion test. At the present time both the calcium infusion test 
and the secretin test have limited value. They should not be considered 
screening tests. More data relating to the efficacy of these tests must be 
accumulated. 


TREATMENT 


It has been reported that the ulcer symptoms of some patients with 
Zollinger-Ellison syndrome may be “temporarily” controlled for consid- 
erable periods of time by a combination of antacid and anticholinergic 
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therapy.”!’ ** However, it has been well established that mortality is six 
times higher when primary total gastrectomy has been performed on an 
emergency basis. Wilson* has stated that patients treated medically in- 
variably have developed complications of gastric hypersecretion. The 
major cause of death is related to the ulcer diathesis, though 60 per cent 
of gastrinomas of the pancreas are malignant and 80 per cent are as- 
sociated with metastasis. Only total gastrectomy or complete removal of 
the gastrinoma will prevent progression of the ulcer diathesis with the 
complications of hemorrhage and perforation which are the major 
causes of death in patients with Zollinger-Ellison syndrome. Owing to 
the frequency of multiple occult tumors and metastases, rarely does the 
surgeon have option for treatment by local excision of tumor alone. 

The estimation of ‘‘“emergency” serum gastrin level by the most 
rapid radioimmunoassay technique presently available and under the 
best logistic situation requires at least 4 hours from the time the serum 
sample is drawn. This may delay the operation but may afford the oppor- 
tunity for more logical and expeditious decision making. 

Cumulative data from the Zollinger-Ellison syndrome tumor reg- 
istry on 243 patients with proven metastatic tumor showed that 63 per 
cent survived after total gastrectomy and only 31 per cent survived after 
procedures less than total gastrectomy.’ '*> Cameron and Hoffman‘ 
reported 7 of 8 patients without metastasis were alive 7 years after total 
gastrectomy and 3 of 7 patients with metastatic tumor were alive 10 
years after total gastrectomy. Furthermore, after total gastectomy only 
13 per cent of patients died from tumor progression, whereas after 
lesser gastric operations 21 per cent died from tumor progression.'” ° 
The gastrinoma of the pancreas in Zollinger-Ellison syndrome is unique 
in that there seems to be a “gastric feedback” factor in the stomach con- 
trolling tumor growth which accounts for regression or lack of progres- 
sion of the gastrinoma after removal of the stomach." 

These data clearly establish that primary total gastrectomy is the 
procedure of choice in children and adults with malignant Zollinger- 
Ellison tumors, especially in the presence of widespread metastasis. 
Primary total gastrectomy is also indicated in patients who had multiple 
operations for neostomal ulceration even if no tumor is found and 
in the patient who has a single localized tumor that can be easily re- 
moved.!?: 135,20; 55 


SUMMARY 


Several clinical situations suggest gastrinoma of the pancreas and 
Zollinger-Ellison syndrome. The more common are chronic duodenal ul- 
cer and marked gastric acid hypersecretion, neostomal ulcer after any of 
the standard ulcer operations, unexplained diarrhea, and peptic ulcer 
with other endocrine abnormalities, particularly hyperparathyroidism. In 
these cases, the physician should obtain fasting and postprandial serum 
gastrin measurements, which will establish the diagnosis of Zollinger- 
Ellison syndrome in the majority of cases. Primary total gastrectomy is 
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the procedure of choice for the treatment of Zollinger-Ellison syndrome 
in both children and adults. 


Dp), 


The reader is encouraged to report documented cases to Dr. Stuart 
Wilson, Zollinger-Ellison Tumor Registry, Division of Surgery, The 


Medical College of Wisconsin, Milwaukee, Wisconsin 53226. 
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ACUTE PANCREATITIS 


Acute inflammation of the pancreas is an illness with a broad spec- 
trum of severity. It varies from a very mild condition which responds to 
treatment quickly, to a devastating illness that is nearly totally refrac- 
tory to all treatment and affects multiple organ systems. Several ques- 
tions of clinical importance are related to the spectrum of pancreatitis. 
Does all acute pancreatitis begin as the mild edematous form? Does 
edematous pancreatitis progress to hemorrhagic pancreatitis? Can treat- 
ment of mild pancreatitis prevent its progression to a more severe form 
of the illness? The answers to these questions are unknown. In some pa- 
tients the mild form of the disease seems to precede the severe form, 
suggesting a progression. In other instances the disease seems to begin 
as hemorrhagic pancreatitis. The safest course of action with regard to 
treatment is to assume that each case of pancreatitis will progress to the 
hemorrhagic form and to treat the patient as vigorously as possible. 


Etiology 


Little is known concerning the specific mechanism of the cause of 
acute pancreatitis. Alcoholism, biliary tract disease, hyperparathyroi- 
dism, hyperlipidemia, heredity, trauma, viral infections, certain drugs, 
and scorpion stings are all conditions known to be associated with 
pancreatitis.” ® 31: 46 4-55 As more associations are drawn, fewer and 
fewer cases are relegated to the category of idiopathic pancreatitis.** In 
most large series either alcoholism or biliary tract disease is associated 
in about 75 per cent of cases.*” °° 

Biniary TRACT PANCREATITIS. Occasionally a gallstone impacted 
in the distal common duct obstructing the pancreatic ductal orifice will 
produce pancreatitis. More often no common duct calculus is found. 
Recently Acosta and Ledesma! strained the feces in 36 patients with 
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acute pancreatitis, and gallstones and found gallstones in the stool of 34, 
suggesting that stones have passed through the biliary tree. 

This interesting observation supports the classic hypothesis that 
gallstones in the common duct are related to pancreatitis. It has been 
disturbing to note that patients with pancreatitis and gallstones are not 
found to have common duct calculi with any greater frequency than pa- 
tients with gallstones who have never had pancreatitis. The finding of 
stones in the stool suggest that the stones have passed. 

In reviewing operative cholangiograms done on patients operated 
upon for gallstones and pancreatitis we found 7 of 9 (78 per cent) to 
show reflux into the pancreatic duct while only 4 of 11 (36 per cent) not 
having previously had pancreatitis showed pancreatic duct reflex. 

A recent observation relating to infection has been of interest.’ 
While normal bile entering the pancreatic duct at physiologic pressure 
does not appear to be toxic, unconjugated bile salts are quite irritating to 
the pancreas. Certain bacteria (Bacteroides, Streptococcus, and Clostri- 
dia) have the capacity to deconjugate bile salts. If the bile of patients 
with pancreatitis is infected with one of these organisms then the 
unconjugated bile salts may be responsible for the pancreatic inflamma- 
tion. The clinical importance of this observation is not known. 

Of interest is the observation that acute pancreatitis related to 
calculous disease of the biliary tract tends to be more lethal than acute 
pancreatitis secondary to alcohol abuse.” The alcoholic however is 
much more likely to have chronic pancreatitis. While chronic calcific 
pancreatitis infrequently results from pancreatitis associated with gall- 
stones. 

ALCOHOLIC PANCREATITIS. There are numerous theories concern- 
ing alcoholism and pancreatitis. It was previously believed that alcohol 
given intravenously had no effect on the pancreas. Now it appears that 
pancreatic function is impaired by elevation of the blood alcohol.*” ° *! 

Alcohol given enterically stimulates gastric acid production which 
in turn stimulates the pancreas. One possibility is that the duodenal wall 
becomes inflamed from the excessive ingestion of alcohol.” The inflam- 
mation produces edema and partial obstruction at the papilla of Vater. 
The partial obstruction, coupled with continued pancreatic stimulation, 
causes pancreatitis. The specific mechanism where by alcohol ingestion 
causes a pancreatitis remains unknown. 

HYPERLIPIDEMIA. It has long been recognized that hyperlipidemia 
is related to acute pancreatitis. Figure 1 is a photograph of the lactes- 
cent serum of a young woman with pancreatitis. 

The relationship is still uncertain. The question is whether pancrea- 
titis produces abnormality in serum lipids or certain blood lipid abnor- 
malities predispose to pancreatitis. Most of the patients with hyperlipi- 
demia and pancreatitis have been Frederickson Class IV.’ 23 It appears 
that the frequency of their attacks may be lessened by restriction of fat 
intake. Recently oral contraceptives have been incriminated in pancrea- 
titis with hyperlipidemia. '® 

Regarding other etiologic factors, very little is known concerning 
the mechanism of initiation of pancreatic inflammation. 


ACUTE AND CHRONIC PANCREATITIS 327 


Figure 1. The lactescent serum of a young woman with pancreatitis. 


Diagnosis 

The diagnosis of acute pancreatitis may be exceedingly difficult. Ac- 
curate establishment of the diagnosis is urgent since delay in therapy 
seems to worsen the ultimate prognosis. The key to the diagnosis lies in 
a high index of suspicion. The classic symptoms are epigastric pain 
radiating to the back associated with nausea and vomiting. While the 
pain is typically epigastric, the pain of pancreatitis may be perceived 
anywhere in the abdomen and the disease may mimic any intra-ab- 
dominal problem. The onset of pain is usually gradual and less abrupt 
than the onset of pain following perforation of an ulcer. As time passes, 
the pain increases from that of vague epigastric fullness to severe inca- 
pacitating and unrelenting pain. The patient is likely to be restless in an 
attempt to gain relief, in contrast to the patient with a perforated viscus 
who tends to lie quietly. When compared to the pain of intestinal or ure- 
teral obstruction the pain of pancreatitis does not have the same crampy 
element but tends to be more constant. 

The physical findings are rather pedestrian. Noteworthy is the ob- 
servation that upon examining the abdomen one finds less tenderness, 
rigidity, and guarding than might be expected for the amount of pain 
which the patient is experiencing. Tenderness is usually present in the 
epigastrium but rigidity is often absent. Bowel sounds are diminished 
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and gastric dilatation may be present as a consequence of duodenal 
atony. The electrocardiogram may suggest myocardial infarction.’ 
Within 24 to 48 hours of onset, patients with hemorrhagic pancreatitis 
may develop discoloration in the flanks (Grey-Turner’s sign). While un- 
usual, tetany with or without carpal-pedal spasm may evolve secondary 
to hypocalcemia. A poorly understood phenomenon of severe pancrea- 
titis is the psychic disturbance. There is histologic evidence of brain in- 
jury but its cause is poorly understood. The psychosis is often severe, 
with varying levels of consciousness, restlessness, hallucinations, and 
coarse tremor. The development of these findings is ominous and associ- 
ated with high mortality. 

Serum amylase remains the single most important test in determin- 
ing the presence of acute pancreatitis. While it is true the blood amylase 
level may be elevated in many conditions other than pancreatitis, an 
elevated serum amylase with the clinical findings to suggest pancrea- 
titis establish the diagnosis until an alternative is proven. Processes 
which may cause hyperamylasemia include cholecystitis, perforated 
duodenal ulcer, intestinal obstruction, pyelonephritis, ruptured ectopic 
pregnancy, and salivary gland pathology. Amylase levels in the blood 
may be unexpectedly low if the pancreas is so severely damaged that 
amylase is not released. A more frequent cause of a false negative 
amylase level in pancreatitis occurs when sampling is delayed. Eleva- 
tion of serum triglycerides have also been noted to cause false negative 
amylase findings.’ Blood amylase peaks in the first 24 to 36 hours fol- 
lowing the onset of the pancreatic inflammation and may have returned 
to normal in 48 hours. Urinary amylase tends to rise more slowly and 
remain elevated for a longer time.’ In rare instances amylase may be 
bound to protein, resulting in elevated blood amylase with normal urine 
values. The condition is called macroamylasemia.° 

Serum lipase is generally elevated in acute pancreatitis and tends to 
rise later than amylase but remains elevated longer. A recent report 
suggests that lipase is no more helpful than amylase measurement in 
establishing the diagnosis but the two tests improve diagnostic accuracy 
when combined.” 

Methemoglobin levels are often elevated in acute hemorrhagic 
pancreatitis but are rather nonspecific. 


Non-Operative Treatment 


The treatment of acute pancreatitis is aimed at (1) stopping the 
progress of the illness, (2) treating the hemodynamic abnormality as- 
sociated with the illness, (3) treating the systemic complications, and 
(4) treating the local complications. 

Nasogastric suction and cessation of oral intake are fundamental in 
treating pancreatitis, although a recent report questions the use of 
nasogastric suction.** The role of anticholinergics remains controversial 
but most prefer not to use them. Pain should be relieved with meperi- 
dine or codeine in the smallest possible dose for the desired effect. 
Splanchnic block is often quite effective, does not produce increased in- 
traductal pressure, and may allow the total avoidance of narcotics. 
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The use of antibiotics remains controversial. While the incidence of 
pancreatic abscess following acute pancreatitis is low (5 to 10 per cent), 
the incidence of infectious complications is high (30 per cent). The most 
common organism is E. coli. When pancreatic abscess does occur the 
mortality is very high. Mortality in pancreatic abscess treated nonsurgi- 
cally is 100 per cent, while 37 per cent of those undergoing surgical 
draining will die. Prevention of septic complications is a desirable goal, 
and cephalothin, 1 gm every 6 hours intravenously, is preferred. 

In the early stages (first 4 days) the cause of death is usually shock. 
The loss of plasma volume and then whole blood may be severe. Early 
vigorous intravenous fluid administration is of critical importance, and 
monitoring of hematocrit is helpful. If hematocrit is rising in the first 24 
to 48 hours, volume replacement has been inadequate. Central venous 
pressure monitoring along with urinary output measurement is also 
helpful. The central venous pressure should be kept 5 to 10 cm of water 
above baseline, and urinary output at 50 to 100 cc per hr. Solutions con- 
taining glucose should be avoided since the patient with acute pancrea- 
titis is often hyperglycemic. Balanced electrolyte solution (Ringer’s lac- 
tate) in conjunction with 1000 to 2000 cc of protein-containing solution 
(5 per cent albumin) are preferred. There is some evidence that low mo- 
lecular weight Dextran may be advantageous. No more than 500 to 1000 
ce should be given in a 24 hour period. After 48 hours the hematocrit 
may fall sharply, suggesting whole blood loss and at that time whole 
blood may be required. Hypotension greatly increases the mortality of 
acute pancreatitis. The hypotension, when it occurs in the first 48 hours, 
is a reflection of inadequate volume replacement. There is no place for 
vasopressor drugs early in the course of acute pancreatitis. Agents such 
as norepinephrine and metaraminol worsen the metabolic acidosis in the 
hypotensive hypovolemic patient and increase the risk of renal failure 
as well as increasing the mortality. Glucagon has been suggested to be 
beneficial but recent studies are discouraging.’ ?* *- >4 

While treating the hypovolemia of acute pancreatitis one must not 
forget the metabolic abnormalities commonly associated with the dis- 
ease. Hyperglycemia often occurs and may produce serious hyperosmo- 
lar states. This situation is accentuated if volume replacement is inade- 
quate. Blood sugar should be monitored at least every 4 hours and 
intravenous insulin given to keep blood sugar levels under 200 mg per 
100 ml. 

Metabolic acidosis is often associated with acute pancreatitis. It is 
usually secondary to hypovolemia and impaired cellular perfusion. Oc- 
casionally the acidosis may be worsened by the diabetic state present 
during the acute episode. In general the acidosis is best treated with ad- 
equate volume replacement. If the metabolic acidosis persists after vol- 
ume replacement is adequate, an alkalinizing solution is required. So- 
dium bicarbonate may be given in aliquots of 50 cc. until the base 
deficit is corrected. 

Hypocalcemia is a frequent sequel to acute pancreatitis. More than 
any of the other associated abnormalities the magnitude in the fall in 
serum calcium is related to severity of the pancreatitis. The mechanism 
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of the fall in serum calcium is not well explained. As lipase escapes 
from the inflamed pancreas the neutral fat in the mesentery and omen- 
tum is converted into free fatty acid. The free acid combines with cal- 
cium and calcium salts (soaps) are formed, binding the calcium. Ordi- 
narily a fall in calcium is corrected by mobilization of calcium from the 
skeletal reserves. Palayon has suggested that in pancreatitis hypocal- 
cemia is not corrected because skeletal calcium release is inhibited.*” As 
a mechanism he proposed that glucagon is released from the inflamed 
pancreas and stimulates the release of thyrocalcitonin which in turn 
blocks skeletal calcium mobilization. The combination of calcium bind- 
ing and inhibition of calcium release from bone could explain the 
hypocalcemia. While this hypothesis is interesting and plausible, it 
remains to be proven conclusively. Generally the fall in serum calcium 
does not produce clinical findings and is not of sufficient magnitude to 
interfere with clotting, cardiac function, or muscle contractility. Cal- 
cium gluconate, 1 gm every 8 hours, may be given intravenously if cal- 
cium levels fall to a point low enough to produce symptoms. It is gener- 
ally reported that serum calcium levels below 7 mg per 100 ml portend a 
fatal outcome in acute pancreatitis. While this relationship is generally 
dependable there is no evidence that calcium replacement in a patient 
without symptoms of hypocalcemia serves to diminish the mortality of 
the pancreatitis. 

In recent years there has developed an increasing awareness of the 
pulmonary complications of acute pancreatitis.” *' It is clear that pro- 
gressive pulmonary insufficiency is a frequent complication of severe 
acute pancreatitis. The frequent occurrence of pleural effusion has been 
long recognized but the fatal pulmonary failure has just recently been 
described. The cause of the lung failure is unclear. The treatment con- 
sists of monitoring arterial pO, and obtaining serial x-ray films. When 
progressive pulmonary dysfunction is perceived, treatment should be in- 
stituted with diuretics, fluid restriction, antibiotics, and ventilatory sup- 
port. Thoracentesis may prove helpful if pleural effusion is present. 

Renal failure is an ominous complication of acute pancreatitis. The 
onset of renal dysfunction is related to inadequate recognition of the 
need for volume replacement. Whether or not there is specific alteration 
in renal blood flow, blood flow distribution, or renal function as a result 
of pancreatitis is not clear. Volume replacement will usually correct the 
oliguria of acute pancreatitis. Only after volume replacement is ade- 
quate as determined by central venous pressure and hematocrit should a 
diuretic be given. 

The initial oliguria of acute pancreatitis is related to plasma volume 
loss. After 48 to 72 hours hematocrit usually begins to fall. This is true 
only in severe pancreatitis. The development of a Grey-Turner sign is 
evidence of retroperitoneal hemorrhage. There is some suggestion that 
elastase released from the inflamed pancreas digests the elastic layer of 
arterial walls, resulting in hemorrhage. We have recently seen a patient 
with splenic artery pseudoaneurysm following a bout of severe pancrea- 
titis. In general the falling hematocrit may be treated adequately with 
blood replacement. Occasionally the bleeding will be severe enough to 
require operative treatment. 
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Operative Treatment 


There is considerable disagreement concerning the operative treat- 
ment of acute pancreatitis.** ** The issue is two-fold. Is laparotomy jus- 
tified in acute pancreatitis and if it is what should be done? 

There is only one reason to consider operative treatment during an 
attack of acute pancreatitis and that is when adequate non-operative 
therapy is failing. A major consideration is the accuracy of the diag- 
nosis. The discovering of a correctable condition such as strangulated 
intestine or a perforated ulcer at autopsy in a patient treated for pan- 
creatitis is unforgivable. When all the measures available for treating 
acute pancreatitis have been employed and the patient fails to improve, 
the diagnosis should be questioned and laparotomy performed. 

If pancreatitis is not present then the alternate condition may be 
treated. If pancreatitis is present certain measures may be of benefit. If 
the gallbladder is tense it should be emptied by needle aspiration. If 
stones are present a cholangiogram may be done by injecting contrast 
material into the ampulla of the gallbladder with an atraumatic vascular 
clamp placed across the distal portion of the organ forcing the dye into 
the ductal system. If common duct patency can be established nothing 
more need be done. If a stone is seen impacted in the distal common duct 
it should be removed. If conditions do not permit its removal a second 
less desirable alternative is cholecystoduodenostomy. 

A gastrostomy may be beneficial to obviate the need for nasogastric 
suction. 


PERITONEAL LAVAGE 


RINGER'S 
LACTATE 


1000 q 2h 


Figure 2. Peritoneal lavage. 
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A catheter with multiple holes should be placed anterior to the pan- 
creas from a left upper quadrant stab wound. A second catheter should 
be placed in the right paracolic gutter through a right lower quadrant 
stab wound (Fig. 2). All easily removable necrotic material should be 
removed. The abdomen is closed and peritoneal lavage begun with 1000 
cc of Ringer’s lactate infused rapidly into the peripancreatic catheter. 
After 1 hour the right lower quadrant tube is opened and the fluid 
evacuated by gravity drainage. If more fluid is removed than was in- 
troduced, then that volume is replaced with intravenous fluid. There is 
experimental evidence to suggest this approach and we have had con- 
siderable encouragement from its clinical application in four cases." * 

A second question concerns the operative treatment of a patient 
who has had acute pancreatitis and recovered. A concerted effort should 
be made to find a cause for the pancreatitis. If it can be determined that 
alcoholism, lipid abnormality, parathyroidism, and drug reaction are not 
at fault and the patient has a second documented attack of pancreatitis, 
cholecystectomy should be performed.'* This is proper even when gall- 
bladder x-rays are normal. In addition to cholecystectomy, operative 
cholangiography and biliary manometrics should be performed. If duc- 
tal hypertension is present (pressure over 20 cm H,O) sphincteroplasty 
should be considered along with transductal pancreatography.”* While 
patients fulfilling these criteria are few, most will have small undetecta- 
ble gallstones and will be relieved of further pancreatitis by cholecystec- 
tomy. 


CHRONIC PANCREATITIS 


As previously stated chronic pancreatitis and specifically calcific 
pancreatitis are usually secondary to chronic alcoholism.*: * The prog- 
nosis of the illness is greatly affected by the continuing alcoholism and 
early death is associated with the complications of alcoholism. While 
decreasing alcohol intake may lessen the pain, the pancreatic dysfunc- 
tion may be progressive. 

Gallstones, hyperparathyroidism, and hyperlipidemia are occasion- 
ally associated with true chronic pancreatitis. In contrast to the alcohol- 
ic, correcting the underlying problem will generally result in ameliora- 
tion of the pancreatitis in-patients with these conditions. If, however, 
the pancreas has become sclerotic and calcified then it is unlikely that 
the process can be reversed.”! 


Diagnosis 

It is likely that the pathologic process of chronic pancreatitis is well 
established before the first attack of pain.2” The pain begins in the 
epigastrium and typically radiates to the back. Most often its onset is 
several years after the patient has become an alcoholic. Once there has 
been one episode of pain the patient may or may not experience sub- 


sequent episodes. Generally, repeated bouts of pain will occur with 
repeated drinking, but each alcoholic indiscretion will not result in ab- 
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dominal pain. In some patients the episodes of pain will subside sponta- 
neously even though alcoholism and pancreatic injury persist. In others 
the pain will become more frequent and ultimately result in a high in- 
cidence of drug addiction. The major complaint is abdominal pain, as 
described, with associated nausea and vomiting. As the process con- 
tinues and pancreatic insufficiency develops, steatorrhea2’ and weight 
loss are expected. Complications of chronic pancreatitis include pseudo- 
cyst formation, diabetes, and less commonly pancreatic ascites, jaun- 
dice, splenic vein thrombosis, and portal hypertension.*®* *° 

The physical findings of chronic pancreatitis are no more specific 
than the historical findings. Most often the only obvious change in the 
patient is weight loss. There may be mild to moderate tenderness in the 
epigastrium. The development of a pseudocyst will result in an abdom- 
inal mass, the location of which is quite variable. While not common, 
we have seen several patients with chronic skin changes on the upper 
abdomen secondary to the long term use of hot water bottles and heat- 
ing pads. 

The x-ray finding of chronic pancreatitis which is diagnostic is the 
presence of calcium deposits within the gland. About 1 patient in 5 will 
show changes in the duodenum which resemble those seen with ulcer 
disease. In general, the small bowel is normal radiographically. In the 
presence of clinical malabsorption a normal small bowel pattern 
suggests pancreatitis as the cause of the malabsorption. Arteriography 
has proven disappointing as a diagnostic tool in pancreatitis. 

Laboratory findings supporting the diagnosis are variable. Serum 
enzymes (amylase and lipase) are usually elevated early in the develop- 
ment of pancreatitis but, as pancreatic destruction progresses, return to 
normal. Diabetes or abnormal glucose tolerance can be expected in a 
substantial number of cases. As exocrine function deteriorates, malab- 
sorption from enzyme deficiency develops. 

The development of specific tests of pancreatic function has been 
helpful.’ Table 1 shows the results of secretin tests from a group of 60 
patients from the Gastrointestinal Laboratory at Presbyterian-University 
Hospital in Pittsburgh. In the patients with proven chronic pancreatitis 
the average volume of secretin is maintained at normal values (2.0 ml 
per kg) while the average maximum bicarbonate secretin is depressed to 
50 mEq per liter (normal 90 mEq per liter). 


Table 1. Results of Secretin Tests in 60 Patients 


VOLUME HCO; 

(ml/kg) (mEq/liter) 
Normal 2.0 Max. 90 
Pancreatic cancer 0.9 53 
Pancreatitis 2.06 50.3 
Other* 2.8 95 


i 


*Patients with neither pancreatic cancer nor pancreatitis but a variety of gastrointestinal 
complaints. 
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Treatment 


Once the diagnosis of chronic pancreatitis has been established a 
plan of treatment should be formulated.** ** Dixon has advocated opera- 
tive treatment early in the course of the illness and after the diagnosis is 
certain.'!? From a clinical view point this would mean two or three epi- 
sodes of recurrent pancreatitis. If no underlying cause for the pancrea- 
titis can be determined, this is clearly the proper approach and most pa- 
tients will be found to have an abnormality in their biliary tree or 
pancreatic ductal anatomy. If there is an associated etiologic problem 
such as hyperparathyroidism or hyperlipemia, initial treatment should 
be directed toward that abnormality. 

The most difficult decision concerns the alcoholic. Clearly the most 
important aspect in treating alcoholic pancreatitis is the treatment of 
the alcoholism. Operative procedures on the alcoholic with chronic 
pancreatitis generally offer little except in relief of pain. If then the 
disease has not progressed to the point where pain is the major factor, 
little gain can be expected. 


Operative Procedure 


The surgical approach to chronic pancreatitis must be planned 
preoperatively. After exposing the pancreas to determine the extent of 
disease the anterior superior surface is palpated for the presence of a 
dilated pancreatic duct. If a duct can be felt then a smali (20 gauge) 
needle is introduced and pancreatic juice aspirated. Two or 3 cc of 50 
per cent contrast material is injected, the needle removed, and an x-ray 
taken. If a dilated duct is not palpable then a pancreaticogram must be 
obtained by an alternative route. Two possibilities exist. The first is 
mentioned to condemn it, and that is amputation of the tail of the gland 
and retrograde ductal injection. This approach is unnecessarily compli- 
cated and sacrifices pancreatic tissue which may be important to the pa- 
tient. The transduodenal approach is preferred. The distal descending 
duodenum is opened after extensive mobilization of the duodenum and 
the head of the pancreas. The papilla of Vater is located and a small (No. 
10 French) silk woven catheter is introduced into the common duct ina 
retrograde fashion. A plastic catheter (P.E. 190) is introduced adjacent 
to the catheter in the common duct and will often enter the pancreatic 
duct. If it does not, a sphincteroplasty is performed and the pancreatic 
duct orifice cannulated under direct vision. Choledochoduodenostomy 
has been suggested as an alternative to sphincteroplasty but does not 
allow the pancreaticogram.*® The duct is cannulated, 2 to 5 cc of con- 
trast are injected, and an x-ray film is taken. Enlargement of the 
pancreatic ductal orifice is accomplished in a manner similar to that 
used for the sphincteroplasty on the common duct. If a stricture of the 
pancreatic duct within 4 cm of the ductal orifice is seen, it can be 
dilated with a small metal dilator or a silk woven catheter. If multiple 
strictures with dilated ducts between are seen, the longitudinal incision 
is made through the pancreatic duct and a pancreaticojejunostomy, 
Roux-en-Y, is constructed.’ ** “4 If only the distal pancreas is diseased 
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then a distal pancreatectomy is performed. Care must be taken to insure 
that coexisting pseudocysts are drained. 

If there is no ductal dilatation, two courses of action are available. 
When the pancreas is severely diseased, the pain is intense, and ex- 
ocrine or endocrine insufficiency is established, 95 per cent pancreatec- 
tomy will relieve the pain. If the disease has not progressed to that point 
then nothing beyond assuring ductal patency need be done at this time, 
but it is likely that a subsequent procedure will be required. Some have 
found pancreaticoduodenectomy helpful but there is not uniform agree- 
ment concerning its application in nonmalignant pancreatic disease.”° 

If sphincteroplasty is done then cholecystectomy should also be per- 
formed. Section or removal of the celiac ganglion along with the splanch- 
nic nerves has been used by some with varying degrees of success in 
relieving pain. These procedures should be done as a part of ductal 
decompression and not relied upon as the primary procedure for relief of 
pain. 

In general, recurrent pancreatitis associated with biliary tract dis- 
ease is curable by correcting the biliary tract disorder. Chronic pancrea- 
titis associated with all other conditions is best treated by correcting the 
associated disease. Once severe pain is established, procedures directed 
at relieving ductal obstruction if it exists will control pain in 60 to 80 per 
cent. If the pancreas is destroyed the extensive pancreatectomy is the 
treatment of choice and will relieve pain in about 70 per cent. 


PSEUDOCYST AND ABSCESS 


Pseudocyst of the pancreas may follow either acute or chronic 
pancreatitis. It is generally held that irritating substances exude from 
the inflamed surface of the pancreas. In an attempt to contain the in- 
flammatory process, surrounding organs and tissues form a capsule. The 
process may develop rapidly and be obvious within 72 hours of the onset 
of acute pancreatitis. In other instances the process may evolve slowly 
over several days or weeks. In general as the pseudocyst develops it 
becomes associated with pain, vomiting, and the persistent elevation of 
serum or urine amylase. Occasionally a pseudocyst in the head of the 
pancreas will obstruct the common bile duct or the duodenum. The 
diagnosis is confirmed by the development of a palpable mass or evi- 
dence of compression of intra-abdominal organs by a space-occupying 
lesion. Further confirmation may be obtained by the use of sonography. 
This technique shows promise in enhancing the diagnostic accuracy in 
dealing with pseudocysts. 

Leukocytosis and fevers are common with pseudocyst development 
and often make the differential diagnosis between pseudocyst and 
pancreatic abscess quite difficult.’ The fever pattern associated with a 
pseudocyst is usually not the spiking picture seen with abscess and the 
leukocytosis is usually not as striking. Of greater importance is the ob- 
servation that patients with pancreatic abscesses are usually much 
more seriously ill than those with pseudocyst. 
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The organisms infecting the pancreas are usually coliform, E. coli, 
Aerobacter, and Klebsiella being the most common. Without surgical 
drainage the mortality of pancreatic abscess is nearly 100 per cent. With 
proper treatment about one third of the patients will die. 

Pancreatic pseudocysts will occasionally subside spontaneously. If 
the patient is tolerating the cyst with only mild symptoms and in the ab- 
sence of systemic toxicity there is no particular urgency to drain the 
cyst. If on the other hand gastric emptying is impaired, ileus is unrelent- 
ing, the cyst is enlarging, or the patient is toxic, drainage is urgent. 

The treatment of pancreatic pseudocyst is either internal or external 
drainage. Internal drainage is preferred where possible. Cystogastros- 
tomy is effective, simple, and safe. The most common complication is 
hemorrhage, occurring in approximately 10 per cent of the cases. One 
point to be emphasized is the avoidance of oversewing the edges of the 
cystogastrostomy and individual suture ligation of bleeding vessels is 
preferred. When the cyst is not adherent to the stomach or when the 
anatomy of the cyst does not allow adequate dependent drainage with 
cystogastrostomy cystojejunostomy Roux-en-Y is necessary. The de- 
functionalized segment must be at least 40 cm long to prevent reflux of 
the gastrointestinal contents into the cyst. 

External drainage of pseudocysts has been condemned because of 
the risk of pancreatic fistula. While it is true that a significant number of 
patients will develop fistulas the vast majority will close spontaneously. 
When the cyst is thin-walled, the patient is seriously ill, and the cyst is 
infected, external drainage is preferred. 

Irrespective of the type of drainage, all pseudocysts should be 
biopsied. Occasionally a cystadenoma or cystoadenocarcinoma will be 
mistaken for a pseudocyst. 
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Pancreatic Pseudocysts 
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Most pseudocysts have a number of features in common despite the 
widely different histories preceding their appearance. Upper abdominal 
discomfort, anorexia, or postprandial vomiting usually leads to their dis- 
covery, but these masses can grow to amazing size without symptoms. 
Physical examination discloses a mass in only half the patients even 
though a large one is present, hidden under the rib margins. Other less 
specific physical signs are epigastric and left costovertebral angle ten- 
derness or elevated lung bases. Sometimes the abdomen will show only 
a very prominent transmitted aortic pulsation or an audible bruit. 

An upper gastrointestinal series is the mainstay of diagnosis and 
will show the mass displacing the stomach or duodenum in 77” to 86 
per cent®! of patients. It may push the stomach or duodenum in a 
number of different directions (Figure 1). In the remainder of cases the 
mass is too small or has ruptured, as in pancreatic ascites. Other ab- 
dominal x-rays are of ancillary value: An intravenous pyelogram may 
show downward displacement or distortion of the left kidney. A barium 
enema may show the transverse colon thinned out and pushed down- 
ward by the mass, whereas it will be displaced upward by a lymphoma 
in the base of the mesentery. Gallbladder x-rays are needed because of 
the frequent relation of gallstones to the underlying pancreatitis, even 
in alcoholics. Chest x-ray films show pleural effusion in 20°" to 35 per 
cent.” 

A serum amylase is elevated in only 41” to 55 per cent.? A much 
more sensitive test of abnormal amylase activity is the urine amylase 
output. This is measured in a timed urine specimen and expressed in 
units per hour to eliminate fluctuations with changing urine concentra- 
tion. When done in this way the urine amylase output has been elevated 
in 80 per cent of pseudocysts.*? This increased output undoubtedly 
reflects slow absorption of the enzyme through the walls of the cyst. 
This process is often too slow to elevate serum levels. Urinary amylase 
values are therefore much more useful in the investigation of any upper 
abdominal mass. After a pseudocyst is effectively drained both serum 
and urine amylase promptly returns to normal.” 


*Professor of Surgery, University of Pittsburgh School of Medicine; Attending Staff, Presby- 
terian-University and Western Pennsylvania Hospitals; Chief, Surgical Service, Veterans 
Administration Hospital, Pittsburgh, Pennsylvania 
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Figure 1. Pseudocysts may: (A) push against the ligament of Treitz, obstructing the dis- 
tal duodenum; (B) impress the duodenal C-loop; (C) push the stomach to the left or down- 
ward, (D) upwards, or (E) to the right. 


Other laboratory abnormalities are much less specific. Leukocytosis 
occurs in about 50 per cent.*' Glucose intolerance is demonstrable by ei- 
ther a 2 hour postprandial glucose or a tolerance test in about one half.'” 
This reflects the high incidence of chronic and alcoholic pancreatitis 
preceding the appearance of the pseudocyst.* 


Pathogenesis 


Pseudocysts are distinguished by their content of pancreatic juice. 
Although this juice is diluted by serum, inflammatory debris, and some- 
times frank blood, the cyst fluid contains all the usual pancreatic en- 
zymes in high concentrations. When in doubt about the nature of a 
mass, it is easy to measure its fluid amylase. This level may range from 
3 to 50 times the normal serum values. Lipase, trypsin, chymotrypsin, 
carboxypeptidase, and other enzymes are all present, as well as bicar- 
bonate. However, this will be neutralized by serous exudate resulting in 
a normal pH. When not infected, this fluid evokes only a mild inflamma- 
tory reaction, producing a shaggy fibrinous exudate on surrounding sur- 
faces. This shell of fibrin is converted in one to several weeks into a 
tough fibrous capsule which may be softened in places by fat necrosis 
and inflammatory reaction. There is no central layer of secretory en- 
dothelium as in other cysts—hence the name “pseudocyst.” 

The pancreatic juice in the cyst comes from the acinar cells in the 
main pancreas. Often this juice comes directly from the major duct, 
pouring out through a small rupture created by necrosis in the sur- 
rounding parenchyma. This communication is hard to find at operation 
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Figure 2. Ten days after external drainage injection of x-ray contrast into a pseudocyst 
through the catheter drain shows communication between the cyst and the major pancreatic 
duct. 


but often may be demonstrated later by injection of x-ray contrast mate- 
rial into the tube draining a cyst cavity (Fig. 2). 

The localized acinar necrosis may be produced by blunt or penetrat- 
ing trauma or by a preceding attack of acute pancreatitis. Pseudocysts 
also appear in the course of chronic relapsing pancreatitis, and in a few 
cases behind carcinoma in the head of the pancreas. These generally 
grow more insidiously without a prior acute abdominal episode and have 
been termed ‘retention cysts.’ *45> However, most authors have not 
made this distinction. In any case, the pathogenesis of these retention 
cysts appears the same, although the underlying disease in the pancreas 
is more chronic and persistent. 

In the laboratory the pathogenesis of pseudocysts has been eluci- 
dated in only a few reports, but these have clarified and confirmed 
clinical observations. It is possible to produce pseudocysts in dogs if 
there is first created a walled-off cavity.°° In human beings this is 
provided within the capsule of the pancreas or by the lesser peritoneal 
sac closed at the foramen of Winslow by inflammation. Three elements 
are then necessary for creation of a typical pseudocyst: (1) ductal rup- 
ture communicating with the potential space, (2) an actively secreting 
pancreas, and (3) interference with normal ductal drainage.”* 
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The pressure of pancreatic secretion from the main ductal system 
forces the pseudocyst to enlarge until it meets counterbalancing resis- 
tance. Although human pancreatic secretory pressures have been meas- 
ured on only a few occasions, these suggest such high levels as 30 cm of 
water after eating.® Further water may be attracted osmotically by the in- 
flammatory protein content of the pseudocyst. Therefore such cysts can 
grow from the size of a small lime within a thickened pancreatic head* 
to huge masses filling the upper abdomen. 


Establishing the Cause 


The clinical history obtained when the pseudocyst is recognized can 
be important in differential diagnosis and treatment. Usually this his- 
tory will establish one of three situations: (1) the mass has followed 
shortly after a sudden severe attack of acute pancreatitis, or postopera- 
tive pancreatitis; (2) there has been trauma to the upper abdomen, ei- 
ther penetrating or crushing, such as a steering wheel injury; or (3) the 
onset has been insidious, without any recognizable sudden pancreatic 
injury. In this group there may be a long history of epigastric symptoms 
without recent change or of alcoholism or of chronic pancreatitis. There 
may also be no symptoms of any kind before the pseudocyst appeared. 


Recent Acute Pancreatitis Preceding the Mass 


If a mass in the pancreas has followed a documented or probable at- 
tack of acute pancreatitis it is not necessarily a pseudocyst. There are 
three likely causes to be differentiated. This mass may be (1) an abscess 
with infected sloughing pancreas and juice in the lesser sac, (2) a mix- 
ture of tremendously edematous and necrotic pancreas with little or no 
cystic component, or (3) a developing pseudocyst. 

It is important to differentiate these three because the subsequent 
management of each is different. Unfortunately in making this decision, 
the cause for the acute attack is not of much help. All three lesions can 
follow any of the known causes for pancreatitis. Postoperative acute 
pancreatitis, however, is much more likely to be followed by either an 
abscess or an infected pseudocyst. The most minor contamination at 
operation grows rapidly in such excellent media as necrotizing pancrea- 
titis, and contamination is greatly increased with the use of postopera- 
tive drains.*! 


Differentiating Pancreatic Abscess 


A pancreatic abscess presents the most immediate danger to the pa- 
tient. Characteristically this is heralded by fever and paralytic ileus in a 
patient who appeared to be recovering from pancreatitis. In uninfected 
pseudocysts or edematous pancreatitis fever is unusual and ileus clears 
earlier. White blood cell counts are consistently elevated in abscesses, 
averaging 18,000, while the other laboratory results are less specific. 
These reflect the abnormalities expected after severe pancreatitis and in 
the face of sepsis: depressed hematocrits, low albumin, and sometimes 
hypocalcemia. There have been elevated bilirubin and transaminase 
levels in almost half the patients, and retention of urea nitrogen and 
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creatinine in one third.*! Plain x-ray films are helpful in that one third 
show basilar atelectasis, pleural fluid, or diaphragmatic elevation. Most 
abdominal films show paralytic ileus. Plain films may show extralu- 
minal gas in the lesser sac or the ‘“‘soap bubble” pattern characteristic of 
retroperitoneal sepsis. While these signs may localize the process, they 
are present in no more than 25 per cent of cases. On the other hand an 
upper gastrointestinal contrast examination will point to the mass in 80 
per cent of cases.?! 

When faced with such intra-abdominal sepsis perhaps the most 
useful laboratory help comes from repeated blood cultures. When posi- 
tive, these identify the invading organism and its sensitivities. Multiple 
organisms are found in cultures of the abscess in at least 50 per cent of 
cases. The varieties are similar to those found elsewhere in the gastroin- 
testinal tract, being more than two thirds coliforms.?! 


Hemorrhage 


Primary pancreatic abscesses and secondarily infected pseudocysts 
act much alike. As a result the abscess may discharge itself into the 
chest or bronchus, or more commonly into the colon or duodenum. This 
is not a satisfactory resolution, however, since such erosion is almost 
always accompanied by a major gastrointestinal hemorrhage requiring 
emergency operation. 

Clotting mechanisms have been found abnormal in a signficant 
number of patients. Sepsis, shock, and prior hepatic injury contribute to 
this. Prolonged starvation, nasogastric suction, and potent antibiotics 
cause hypoprothrombinemia. Since this may be reversible with paren- 
teral vitamin K, prothrombin levels deserve special attention before 
hemorrhage appears. 

Erosions of such major arteries as the splenic, gastroduodenal, or in- 
ferior pancreaticoduodenal arteries within these abscesses have been a 
problem as well. This occurs much more frequently in the presence of 
sepsis than without it. In a few cases the sudden appearance of a bruit 
over a pancreatic mass has provided a warning before hemorrhage 
breaks loose.2? Once bleeding is active, emergency selective visceral 
angiography can localize its origin. This may be a stress erosion of ad- 
jacent gastroduodenal mucosa, or a major artery within the cyst. In- 
fusion of pitressin through selectively placed angiographic catheters 
has been successful in mucosal hemorrhage in 65 per cent of cases,°? 
but is rarely successful in hemorrhage from a major arterial trunk. Such 
problems with hemorrhage have complicated pancreatic abscesses in 26 
of 63 cases, and led to mortality in 80 per cent. However, aggressive 
operation has been successful in two separate recent reports. Preopera- 
tive angiography led to precise intracystic ligation of one or more major 
arterial trunks, and this has been combined with suitable drainage for 
the cyst** *! (Figs. 3 and 4). 


Operation for Abscess 


Obviously early drainage of pancreatic abscess is highly desirable. 
Its importance has been emphasized in a recent large series. Among 29 
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Figure 3. Preoperative angiography during gastrointestinal hemorrhage shows contrast 
filling a pseudocyst in the head of the pancreas from an ereded inferior pancreatoduodenal 
artery. 
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Figure 4. Repeat angiography 24 hours postoperatively by the same catheter as in 
Figure 3 confirms that ligation has controlled the bleeding. 
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patients who survived operative drainage of abscesses the interval be- 
tween onset of symptoms and operation averaged 5.5 days. Among the 
patients who died despite operation this interval averaged 11.5 days." If 
antibiotics are to be used postoperatively, they should be started before 
operation. Their selection should be based on cultures of wounds, 
drains, or positive blood cultures whenever possible. Where such results 
are not available two or three agents in high doses should be selected to 
cover a broad spectrum of gram-negative and anaerobic organisms. 

There is no general agreement on the operative approach. For most 
patients an anterior abdominal exploration seems better than a more 
limited flank incision. This is because these abscesses are multiple or 
multiloculated in one third of the cases.*!’** For good drainage multiple 
large sump catheters are necessary. These should be brought out la- 
terally in as dependent a position as possible. Usually they will be 
needed for more than a week, but they should not be allowed to clog up 
with fibrin and pancreatic debris. They may be removed, cleaned, re- 
placed, and irrigated with antibiotic solution once tracts are established. 

This is not a situation in which to consider internal drainage to the 
stomach or jejunum, since the walls of the cavity are acutely inflamed. 
The drainage needs to be as adequate as possible or hemorrhage will 
follow, and recurrent sepsis is common. A second operation for drainage 
of a recurrent or overlooked abscess has been required in 30 per cent of 
cases, but even this has been followed by a successful outcome.*® Never- 
theless, the mortality remains distressingly high, averaging 50 per 
cent.® 3! 


Indolent Inflammatory Swelling of the Pancreas 


Where spesis is not a threat, time can be taken to differentiate be- 
tween a pseudocyst and a mass of indolent edema and inflammation fol- 
lowing pancreatitis. This lesion has been labelled a “phlegmon” of the 
pancreas, and is being recognized with increasing frequency.’ A recent 
experience with 9 such cases has been reported, including 3 patients 
who had peroral endoscopic pancreatograms. This examination showed 
normal duct structure in two patients and minor changes in a third pa- 
tient whose mass disappeared.** Folk and Freeark'’ have coined a 
graphic name for this condition: ‘“pseudo-pseudocysts.” 

In thin individuals a tender epigastric mass may be palpable after 
abdominal distention and peritoneal reaction subside. Fever is rare or 
low-grade, but leukocytosis is common. The serum and urine amylase 
values may occasionally remain persistently elevated so that these data 
cannot be used to distinguish this mass from a pseudocyst. 

The frequency with which such masses are recognized in relation to 
pseudocysts depends on how often an upper gastrointestinal contrast x- 
ray exam is obtained in subsiding pancreatitis. However, many reported 
series of pseudocysts have included from 21” to 35 per cent” of patients 
who have responded to medical management with complete subsidence 
in 1 to 3 months. It has seemed very likely that many of these masses 
were phlegmons rather than true pseudocysts. This is because such 
indolent edematous pancreatitis has been documented at operation, 
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followed postoperatively with repeated upper gastrointestinal series, and 
observed to subside (Figs. 5 and 6). It is also possible that some pseudo- 
cysts will spontaneously subside, particularly smaller cysts. However, 
this fact has not been documented since most cysts found at operation 
have been treated. Without operation the nature of the mass cannot be 
truly known. . 

Operation on phlegmonous pancreatitis is frustrating, since very lit- 
tle of the edematous and necrotic debris can be safely removed. Multiple 
needle aspirations should be performed to rule out a deep-seated cyst, 
but these usually locate no more than a few cc of pancreatic juice. Cul- 
tures should be obtained and if there is doubt about infection a rapid 
smear and stain of the exudate should be examined for organisms. If ei- 


Figure 5. A 54 year old man had fully recovered from an attack of alcoholic pancreatitis 


when a barium meal suggested a mass in the head of the pancreas impressing the medial 
side of the duodenal C-loop. 
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Figure 6. Since the patient shown in Figure 5 was asymptomatic he was followed and 
re-examined after 6 weeks. The suggestion of a pancreatic mass has disappeared. 


ther infection or a small cyst is found, external drainage is important. 
However, if neither is present the abdomen should be closed without 
drains since it is important not to introduce infection. Under postopera- 
tive treatment for pancreatitis such masses will continue to subside. 
The patient needs to be followed carefully for several months since ina 
few cases a pseudocyst will gradually become definite and require an- 
other operation. 

Among 19 patients operated upon for pseudocyst at the Pittsburgh 
University Drive Veterans Administration Hospital in the past 5 years, 2 
have had phlegmonous pancreatitis. During this same interval 4 addi- 
tional patients have been followed to full resolution of similar masses 
without operation. Periods up to 4 months have been required. The 
decision to avoid operation in the past has been made entirely on clinical 
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grounds. Generally four elements have been present. (1) The patients 
have had recent documented acute alcoholic pancreatitis so that a 
neoplasm was highly unlikely. (2) Other causes for pancreatitis such as 
gallstones or hypercalcemia have been ruled out. (3) The clinical recov- 
ery of the patient progressed satisfactorily without symptoms from the 
mass. (4) The patient refrained absolutely from further use of alcohol at 
least during the period of follow-up. 


Diagnostic Ultrasound 


This problem of differentiating cystic from solid lesions in the pan- 
creas is going to be greatly simplified by diagnostic ultrasound echo- 
grams of the upper abdomen. Experience with this new, safe, and 
noninvasive technique is developing rapidly. Current reports justify 
placing some confidence in it. Sound waves with frequencies of two and 
one quarter million cycles per second are reflected from tissue inter- 
phases with different acoustical impedances. The echoes may be stored 
and displayed on a persistence scope and photographed for the record. 
The picture provides a transverse or a longitudinal cross-section of the 
abdomen with lines outlining organ and tissue interphases. Normal 
organs and homogeneous fluid-filled cysts produce few echoes, except 
from their borders. In contrast, pancreatitis or carcinoma produces many 
echos, while the normal pancreas cannot usually be outlined (Figs. 7 
and 8). This permits differentiation of cystic from solid pancreatic 
masses with greater confidence than is now available from any other 
technique, including angiography. 

Bradley and Clements have applied diagnostic ultrasound to 19 pa- 
tients thought to have pancreatic pseudocysts clinically and who sub- 
sequently had an operation or autopsy. In 10, pseudocysts were predicted 
and confirmed by operation. In 9 patients phlegmonous pancreatitis was 
predicted and this was correct in 8, there being one false-negative 
report.’ Stuber, Templeton, and Bishop have reported a diagnostic ac- 
curacy of 85 per cent in the pancreas, including a prediction of pancrea- 
tic carcinoma in 7 of 8 cases. The technique is equally applicable to 
intra-abdominal abscesses and hematomas, being correct in 43 out of 50 
examinations.” 


Post-Traumatic Pseudocysts 


After trauma to the pancreas a pseudocyst can appear in 1 to 2 
weeks, but more often after 2 or 3 months. A collection of pancreatic 
juice in the lesser sac implies injury to a major pancreatic duct. The his- 
tory of the injury is helpful in making a judgment about the underlying 
pancreatic lesion. When there has been a penetrating wound by a knife 
or bullet, the farther to the right and closer to the duodenum such an in- 
jury occurs, the larger is the leak of juice and the more serious will be 
the problem.” When the collection appears early, usually shortly after 
the removal of drains, risks are increased. Secondary infection, with 
abscess formation and pancreatic slough is very likely, with its in- 
creased risk of serious hemorrhage. Reoperation should be undertaken 
promptly without waiting for development of a suitable cyst wall. Mul- 
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Figure 7. Transverse section of the upper abdomen obtained from B-mode ultrasound 
echogram in 40 year old man with pseudocyst in the head of the pancreas, later proved by 
operation. 


tiple large sump drainage tubes should be placed very close to the visi- 
ble pancreatic injury and brought out the flanks in as dependent a posi- 
tion as possible. Sump drains are clearly superior to soft Penrose drains 
for this purpose. Even at the initial laparotomy for pancreatic trauma, 
sump drainage combined with hemostasis and debridement has been as 
effective as caudal resection in preventing future complications.” 

When the pseudocyst appears later, after full recovery from injury 
to other adjacent organs, the danger of secondary infection and erosion 
of vessels is less. The time for an elective operation depends on the 
urgency of symptoms, but most such cysts will need to be drained. In- 
ternal drainage can be considered if the cyst walls are firm and well- 
formed. However, if other injuries are still a problem, or the cyst has 


350 


Dan W. ELLIOTT 


Marker on Xyphoid 


=< 


| Liver 
\ 
| 
\ 


Figure 8. Longitudinal section of upper abdomen in same patient illustrated in Figure 


been rapidly enlarging and therefore has delicate walls, then external 
drainage remains a good choice. 

After blunt trauma the situation is somewhat different. An immedi- 
ate laparotomy may or may not have been performed. If it was, all that 
may have been seen was a contused organ that appeared to contain a 
hematoma under its thin capsular membrane. This is usually best left 
alone, even though a pseudocyst may appear later. In these circum- 
stances the true situation is that the body of the pancreas has been 
crushed into two parts. This injury takes place directly over the firm ver- 
tebral bodies in the midline. Perhaps the transection is a little to the 
right or the left, depending on the direction of the blow. After the tail of 
the pancreas resumes active secretion, its juices pour out into the mid- 
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line hematoma, creating the cyst. This cyst usually grows slowly and 
may well be suitable for internal drainage. However, collapse of the cyst 
can leave the divided left half of the pancreas draining poorly through a 
strictured duct. A new cyst or chronic pancreatitis may then develop. 
Therefore, when technically feasible, the divided left half of the pan- 
creas ought to be removed in treating this kind of cyst after blunt 
trauma. 

Whenever the surgeon approaches post-traumatic pseudocysts with 
a plan for internal drainage and then finds that external tube drainage is 
all that can be done technically, he ought not to feel greatly disap- 
pointed. An important fact favors a satisfactory result. The underlying 
pancreas was very likely normal before the injury. Therefore, the usual 
functional obstruction in the major ducts distal to the cyst is likely to 
disappear as inflammation and paralytic ileus clear. While external tube 
drainage of the cyst will almost certainly lead to a temporary fistula, 
such a fistula often closes spontaneously after a few weeks (Figs. 9 and 
10). If it fails to do so after a reasonable wait, it is usually not difficult to 
attach a Roux-en-y loop of defunctionalized jejunum to the fibrotic ori- 
gin of the fistula at the pancreatic surface. 

Most pancreatic pseudocysts in growing children are caused by 
blunt trauma to the abdomen. The results of simple sump tube drainage 
to the outside have been good, probably because the underlying pan- 
creas has been free of disease or ductal obstruction. 


Figure 9. Simple sump tube drainage of a post-traumatic pseudocyst often heals with- 
out a fistula because the underlying major pancreatic ducts are not obstructed or diseased. 
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Figure 10. In contrast to the situation in Figure 9, external tube drainage in chronic 
pancreatitis often leads to a prolonged fistula because the major ductal system is at least par- 
tially obstructed. 


Pseudocysts After Acute Pancreatitis 


A true pseudocyst may appear relatively early in an attack of acute 
pancreatitis. For treatment of the acute attack, nonoperative measures 
are the mainstay. Operation is reserved for specific indications related to 
uncertain diagnosis and acute abscess formation.*’'® The pancreas 
should be kept at rest until the accompanying paralytic ileus has re- 
solved if at all possible. While the patient is improving clinically a per- 
sistently elevated serum or urine amylase may be a harbinger of pseudo- 
cyst formation, but this alone should not rush an operation.'’® A higher 
mortality for operations performed too early has been emphasized.'? The 
need to allow the wall of the pseudocyst to mature before it can be su- 
tured has also been pointed out.’ !**+ Efforts have been made to meas- 
ure the actual thickness of the pseudocyst wall before operation by ul- 
trasound but these are not yet successful.? Serious problems have been 
described when attempts are made at internal anastomosis before cyst 
walls are mature. External drainage should be used in these circum- 
stances.*’ 

All these factors indicate delay in operation, but there are also 
serious hazards in delay. Secondary infection is a distinct possibility, 
requiring treatment as an abscess. Even without infection, erosion of a 
major arterial trunk has occurred with hemorrhage into the cyst.** 
Large pseudocysts have ruptured acutely into the free peritoneal cavity. 
Whereas slow leak and occult rupture lead to pancreatic ascites, sudden 


PANCREATIC PSEUDOCYSTS 353 


rupture is shocking. This has resulted in mortality in 5 out of 6 cases.2° 
When a known cystic mass in the pancreas suddenly disappears and is 
followed by peritoneal irritation, emergency operation for drainage of 
the leaking pancreatic juice seems indicated, and has been successful.*! 

The timing of an elective operation for pseudocyst is best dictated 
by the clinical course of the patient. When the cyst is enlarging rapidly, 
painful, causing obstruction, or producing fever, operation should pro- 
ceed without delay. On the other hand, when all symptoms of pancrea- 
titis are clearly receding, and the patient is eating comfortably, a delay 
to about 6 weeks following pancreatitis seems warranted." 

Before operation the cause for the attack of acute pancreatitis 
should be delineated whenever possible. Hypercalcemia should be ruled 
out. Hyperlipidemia, drug, familial, and alcoholic pancreatitis should be 
identified since these must be dealt with postoperatively. It is particu- 
larly important to rule out biliary disease by adequate x-rays before 
operation, even in alcoholics. X-rays are generally more accurate than 
palpation at operation in an upper abdomen crowded with a mass and 
edematous with inflammation. When indicated, cholecystectomy with 
cholangiography can often be performed at the same operation after the 
cyst is decompressed.*: *® 


Pseudocysts Complicating Chronic Pancreatitis 


The insidious development of a lesser sac mass may be the first sign 
of pancreatic disease. An accurate history of the quantity of alcohol used 
each day may be helpful in finding a cause. Many patients will deny any 
problem with alcohol up to that time. While it has not been possible so 
far to determine what quantity of alcohol is significant in pancreatic 
disease, a pattern of daily use is frequently found. Such apparently in- 
nocent amounts as 3 or 4 12-ounce bottles of beer a day are often 
recorded. It is important to recognize, however, that a 12-ounce bottle of 
beer is roughly equivalent in alcohol content to 2 ounces of 80 proof 
whiskey and 4 bottles is equal to 10 ounces a day. It is also quite clear 
that an unexplained pseudocyst is an unequivocal sign of serious pan- 
creatic disease. After it is recognized in a patient using alcohol, any 
quantity of alcohol thereafter becomes a further pathogenic factor. 

When alcohol has been excluded, a search for the other known 
causes for pancreatitis becomes more important. In only a very few pa- 
tients will no cause be found. In these patients the differential diagnosis 
of the mass needs to include a number of other lesions, some of them 
rare. Lesions which have been found are: (1) aneurysms of the splenic, 
hepatic, or pancreatoduodenal arteries, or of the aorta if unusually high; 
(2) neoplasms in the lymphoma group, such as reticulum cell sarcoma, 
hemangioendothelioma, Hodgkin’s disease, and lymphosarcoma; and (3) 
unusual neoplasms of the pancreas itself such as cystadenoma and cys- 
tadenocarcinoma or congenital “bluedomed” or multiloculated cysts.” It 
is also unfortunately true that a pseudocyst may develop behind an 
adenocarcinoma, obstructing the major ducts,'* and this can easily go 
unrecognized even at operation.’” 

In such masses of unknown cause there is an important place for 
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selective celiac angiography. Aneurysms may be ruled out and malig- 
nancies can usually be identified. Since pseudocysts are largely avascu- 
lar they may also be recognized, but they cannot be differentiated by 
angiography from edematous pancreatitis. Diagnostic ultrasound will be 
superior for this purpose. Cystadenomas and cystadenocarcinomas of 
the pancreas have been diagnosed preoperatively by a mixture of absent 
vessels in cystic spaces combined with tumor vasculature! (Figs. 11 and 
i122). 


OPERATION FOR PSEUDOCYSTS 


Operation for pseudocyst is not altogether as safe as it should be for 
a benign inflammatory disease. While Warren and Badosa report 133 
operations with only 4 deaths yielding a mortality of 3.4 per cent® and 
there have been other reports with low mortality,*> these are exceptional 
in recent years. A summary of seven other sizable series published since 
1968 includes 401 patients undergoing operation with deaths in 42 or 
10.4 per cent.*: ® 13: 20. 41, 43.51.54 The mortality figures ranged from 4 
deaths in 64 patients at 6.2 per cent*® up to 8 deaths in 50 patients or 16 
per cent.*! In many reports mortality seems a little less for internal 
drainage than for external, but this is no doubt related to the use of ex- 
ternal drainage in sepsis, and in the more desperately ill patients. The 
high risk seems particularly related to the associated liver disease and 
portal hypertension in alcoholic patients. There is also a tendency to de- 
velop peptic ulcer in severe pancreatitis!® with gastrointestinal hemor- 
rhage whenever stress appears.*® 

With the current operative mortality averaging 10 per cent, it is 
clear that preoperative evaluation cannot be routine. Liver function 
needs attention and especially the prothrombin time since preoperative 
vitamin K may be needed. Plasma albumin may be low and preoperative 
intravenous albumin may be helpful during operation and for a few days 
thereafter. Platelet counts are indicated because hypersplenism may be 
present and easily overlooked. Splenic vein thrombosis complicates 
pancreatic masses”® and may contribute to both hypersplenism and ve- 
nous hypertension, with bleeding at operation. Since the stomach and 
jejunum may be opened or the cyst infected, preoperative broad spec- 
trum antibiotic prophylaxis should be considered.** This is particularly 
true of the 10 per cent of cases that also present obstructive jaundice."4 

An upper midline incision provides good exposure if placed high 
enough, extending above the xyphoid in most cases. The absence of gall- 
stones needs to be confirmed and the head of the pancreas examined to 
rule out carcinoma. If the cyst is already intimately adherent to the 
stomach, cystogastrostomy through these adhesions is probably the 
simplest and best current procedure. However, it is important to make 
this decision before peeling away any adhesions to the cyst or the 
mesocolon. It is extremely easy to break into the cystic mass inadver- 
tently, and this rules out the cystogastrostomy. Such holes cannot be 
closed securely, and would lead to gastric-cyst-peritoneal fistulas. If the 


Figure 11. Celiac angiogram shows the pancreatoduodenal artery stretched out and 
around an avascular space representing a pseudocyst in the head of the pancreas. 


<< 


Figure 12. Superior mesenteric angiogram shows the inferior pancreatoduodenal artery 
(arrow) depressed by an avascular pseudocyst. 
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cyst is not adherent to the stomach or if it is broken into, no effort 
should be made to suture the capsule to the stomach. Instead, a Roux- 
en-y 12 inch loop of jejunum should be anastomosed to the opening, or 
to the most dependent available point for drainage. This is a safer 
procedure than cystogastrostomy because the jejunal loop is defunc- 
tionalized. . 

Regardless of the route of drainage chosen, the fluid should be cul- 
tured, and its amylase concentration determined to confirm its pancrea- 
tic source. In addition a biopsy of the cyst wall should be taken to rule 
out a cystadenoma. These lesions may appear grossly very much like 
pseudocysts but can be cured only by en bloc resection.’ In contrast 
resection is not usually necessary or desirable for benign pseudocysts, 
and has led to a high mortality.® 

If a cystogastrostomy seems feasible, the anterior wall of the stom- 
ach should be opened directly opposite the point chosen for entering the 
cyst. The cyst should then be needled through the posterior gastric wall 
to establish its nature and ensure that it can be entered safely at this 
point. A relatively large communication admitting several fingers 
should be made*** (Fig. 13). Although resection of stomach wall has 
been advocated,” this has not been necessary in my experience. With a 
large opening the inside of the cyst can be gently explored with fingers 
and instruments to eliminate occasional loculations. A biopsy of the cyst 
wall should be easily obtained. Hemostatic sutures should be placed 
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Figure 13. A relatively large opening has been made into a retrogastric pseudocyst 
through an anterior gastrotomy. A catheter has been threaded through the anterior gastric 
wall into the depths of the cyst to ensure good drainage as the cyst collapses. A tube gastros- 
tomy has also been placed. 
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Figure 14. Lateral view of the procedure shown in Figure 13. 


around the cystogastrostomy margins. Postoperative gastric bleeding 
has been attributed to these sutures.?* However, they have been helpful 
in my opinion, and do not contribute to postoperative bleeding if a gen- 
erous opening has been made. 

A tube may be threaded from the depths of the cyst, through the 
stomach, and to the outside to ensure good drainage (Fig. 14). This may 
be helpful when the cavity is large, tortuous, or multiloculated. The 
cyst walls rapidly collapse around this tube, and this may be seen by in- 
jecting radiopaque dye postoperatively. The tube may be withdrawn in 1 
to 2 weeks. The progressive closure of a cystogastrostomy opening has 
been observed by repeated gastroscopy. Closure took place about 6 
weeks after drainage of a very large cyst, with good results.*? Experience 
with cyst-duodenostomies for small cysts close to the duodenum has 
been limited, but has not yielded as good long-term results, probably 
because the opening must be rather small. 

Follow-up has shown relatively good results for internal drainage, 
with very little difference between cystogastrostomy, cystojejunostomy, 
and resection. However, recurrent cysts have occurred in 6 per cent”’ to 
about 15 per cent of cases.®* '!” 4! This is a considerable improvement 
over external drainage in which a further operation has been needed in 
25 to 40 per cent.® 4 Alcoholic patients will continue to have other 
manifestation of pancreatitis unless alcohol is discontinued,* and dia- 
betes has been reported in as many as 40 per cent.” 


UNUSUAL PRESENTATIONS— OFTEN WITHOUT MASSES 
Pseudocysts have presented in an amazing variety of ways both 


with and without evident masses. In chronic pancreatitis, cysts within 
the head of the pancreas too small to be recognized by upper gastroin- 
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testinal series have been found at operation by needle aspiration. Cyst- 
duodenostomy has relieved this source of abdominal pain.** Similar 
lesions have produced typical obstructive jaundice without any other 
signs of a pseudocyst. Appropriate operative drainage relieves the prob- 
lem.”! 

At the opposite end of the pancreas small cysts have invaded the 
spleen, so that a technetium splenic scan gave the best clue to their 
presence. These masses could usually be resected with splenectomy.” 
Similar invasion of the left kidney has been the first presenting symp- 
tom, so that the diagnosis of intrarenal pseudocyst has been made first 
by urologists, after intravenous pyelography.* 

The pressure of pancreatic secretion aided by its potent enzyme con- 
tent can burrow surprising distances, forming distinct tracts sur- 
rounded by fat necrosis, detritus, and woody inflammation. These fol- 
low, by chance or proximity, one of three favorite routes: (1) The tract 
may extend upward through the esophageal hiatus into the posterior 
mediastinum where a true pseudocyst may develop.** This tract can ex- 
tend further and present as an abscess in the neck.*® (2) The right lateral 
lumbar gutter is a second area for tract formation from the head of the 
pancreas. (3) The left lumbar gutter is involved from the tail. Tracts dis- 
secting downward and laterally on the right have presented as abscesses 
in the groin® or even through the groin into the scrotum.*’ 

Cysts may form anywhere along the course of such tracts, and 
where pressure builds up, adjacent viscera may be eroded. Colonic 
necrosis has been encountered, often at the hepatic or splenic flexures 
where the colon is less mobile, resulting in a colopancreatic fistula.?° 
This infects the entire cyst or lesser sac with colonic organisms, and can 
be a disastrous complication of undrained pancreatic juice. Figure 15 
shows a barium enema which demonstrated such a communication be- 
tween the posterior surface of the hepatic flexure and a pseudocyst 
behind the head of the pancreas. At emergency operation the entire 
right lumbar gutter was filled with fat necrosis and extensive woody 
inflammation. This was drained laterally. No effort was made to find or 
resect the fistula. A by-passing end-to-end ileo-left colostomy was per- 
formed. The distal end of the right colon was brought to the outside as 
an end-colostomy, to ensure complete defunctionalization. The patient 
had a good recovery. 

Chronic or recurrent pleural effusions of pancreatic juice are proba- 
bly caused by similar burrowing and erosion. The effusions may be bilat- 
eral and heavy with plasma proteins or appear hemorrhagic.” The 
process may start with an underlying pseudocyst but discharge of its 
contents through the esophageal hiatus or an eroded diaphragm into the 
pleural spaces decompresses the cyst in the lesser sac, leaving a chronic 
fistula behind. The true nature of the disorder can be identified by a 
measurement of amylase and protein in the fluid removed at thoracen- 
tesis. The simultaneous serum amylase may be normal. 

In a few instances these pleural effusions have been successfully 
treated by tube drainage of the chest and suppression of pancreatic 
secretion. This requires atropine, acetazolamide (Diamox), and nasogas- 
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Figure 15. The post-evacuation film in a barium enema shows leak of contrast into a re- 
troperitoneal tract in the right lumbar gutter created by pancreatic juice dissecting down- 
ward after a bout of alcoholic pancreatitis. 


tric suction, with parenteral nutritional support for a period of 2 to 3 
weeks.® 

The alternative is an abdominal operation. The best current proce- 
dure is the drainage of the proximal main pancreatic duct into a Roux- 
en-y loop of defunctionalized jejunum, as Peustow and Gillesby de- 
scribed for chronic pancreatitis. At operation, access to the main duct 
may be obtained through even a small pseudocyst, by opening the 
fistulous tract, or by needling the body of the pancreas.** If none of these 
succeed, then the spleen and pancreatic tail can be resected to permit 
identification of the main duct in the proximal end of the gland, but this 
should not often be necessary. 

Pancreatic ascites represents a very similar situation, but the true 
cause for ascites is even more likely to be overlooked. This is because 
this lesion occurs in middle-aged alcoholic patients who may never have 
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had an identifiable attack of acute pancreatitis. It is easy to attribute the 
ascites to alcoholic liver disease which may also be present. However, 
the finding of high urine amylase output or a modest elevation of serum 
amylase should raise the suspicion of a pancreatic origin. Confirmation 
will be obtained by a determination of amylase in ascitic fluid, which 
will regularly be high. At operation an underlying ruptured pancreatic 
pseudocyst has been found in two thirds of the cases.*’ The cyst may be 
collapsed after discharge of its contents into the free peritoneal cavity. 
However, treatment of the cyst has relieved the ascites.'! Rupture of the 
main pancreatic duct with juice exuding from a small hole on the sur- 
face of the gland has also been found. When no source for leak of 
pancreatic juice can be identified but the nature of the ascitic fluid is 
not in doubt, the main pancreatic duct should be drained into a Roux-en- 
y defunctionalized loop of jejunum. This permits the leak to seal.'! This 
lesion is apparently not so rare as it has been thought, since 13 per cent 
of one reported series of pseudocysts presented with pancreatic 
ascites."! 


SUMMARY 


Pseudocysts are fascinating lesions of the pancreas which present 
as upper abdominal masses in about 80 per cent of cases, but also as ob- 
structive jaundice, intrasplenic and intra-left-renal masses, mediastinal 
masses, flank abscess, pleural effusions, and ascites rich in amylase. 
They are diagnosed by urine amylase with greater sensitivity than by 
serum amylase. Cysts must be differentiated from pancreatic abscesses, 
indolent phlegmonous pancreatitis, cystadenomas, and carcinomas of 
the pancreas, as well as lymphomas and other rare tumors. They may be 
satisfactorily treated by large sump tube drains to the outside but about 
one third will require a further operation. Internal drainage by cystogas- 
trostomy is the simplest and best current procedure, but not applicable 
to all cases. A good alternative is Roux-en-y cyst-jejunostomy. Caution is 
needed in the preoperative workup since all procedures are accompan- 
ied by an operative mortality approaching 10 per cent, mostly due to 
hepatic disease, portal hypertension, stress ulcerations, and hemor- 
rhage. The follow-up shows 85 per cent good results from proper drain- 
age but 40 per cent are diabetics and in many patients the ravages of al- 
coholism continue unabated. 


RERFERENCES 


1. Abrams, R. M., Beranbaum, E. R., Beranbaum, S. L., et al.: Angiographic studies of be- 
nign and malignant cystadenoma of the pancreas. Radiology, 89:1028-1032, 1967. 

2. Anderson, C. B., Connors, J. P., Mejia, D. C., et al.: Drainage methods in the treatment of 

pancreatic injuries. Surg. Gynec. Obstet., 138:587-590, 1974. 

3. Anderson, M. C.: Management of pancreatic pseudocysts. Amer. J. Surg., 123:209-221, 
1972. 

. Anderson, M. C.: Review of pancreatic disease. Surgery, 66:434-449, 1969. 

Anderson, W. J., Skinner, D. B., Zuidema, G. D., et al.: Chronic pancreatic pleural ef- 

fusions. Surg. Gynec. Obstet., 137:827-830, 1973. 


ou 


PANCREATIC PSEUDOCYSTS 361 


fp) 


38. 


39. 


Becker, W. F., Pratt, H. S., and Ganji, H.: Pseudocysts of the pancreas. Surg. Gynec. Ob- 
stet., 127:744, 1968. 


. Becker, W. F., Welsh, R. A., and Pratt, H. S.: Cystadenoma and cystadenocarcinoma of 


the pancreas. Ann. Surg., 161:845, 1965. 


. Bolooki, H., Jaffe, B., and Gliedman, M. L.: Pancreatic abscesses and lesser omental sac 


collections. Surg. Gynec. Obstet., 126:1301, 1968. 


. Bradley, E. L., Ill, and Clements, J. J., Jr.: Implications of diagnostic ultrasound in the 


surgical management of pancreatic pseudocysts. Amer. J. Surg., 127:163-173, 1974. 


. Buck, B. A., and Fletcher, W. S.: Carcinoma associated with pancreatic cyst. Surg. Gynec. 


Obstet., 134:44-46, 1972. 


. Cameron, J. L., Brawley, R. K., Bender, H. W., et al.: The treatment of pancreatic ascites. 


Ann. Surg., 170:668, 1969. 


. Caravait, C. M., Ashworth, J. S., and Frederick, P.: Pancreatic pseudocysts. J.A.M.A,, 


197:572, 1966. 


. Cerilli, J., and Faris, T. D.: Pancreatic pseudocysts: Delayed versus immediate treatment. 


Surgery, 61:541, 1967. 


. Chetlin, S. H., and Elliott, D. W.: Preoperative antibiotics in biliary surgery. Arch. Surg., 


107 :319-3235 1973: 


. Elliott, D. W.: Effect of lost pancreatic juice on gastric acid and peptic ulcer. Amer. J. 


Surg., 127:658-662, 1974. 


. Elliott, D. W.: Non-operative management of acute pancreatitis. In Ellison, Friesen, 


Mulholland, eds.: Current Surgical Management. Vol. III. Philadelphia, W. B. Saunders 
Co., 1965, pp. 151-159. 


. Folk, F. A., and Freeark, R. J.: Reoperations for pancreatic pseudocyst. Arch. Surg., 


100:430, 1970. 


. Fox, N. M., Jr., Ferris, D. O., Moertel, C. G., et al.: Pseudocyst co-existent with pancreatic 


carcinoma. Ann. Surg., 158:971, 1963. 


. Frey, C. F.: The operative treatment of pancreatitis. Arch. Surg., 98:406-416, 1969. 
. Gilman, P. K., Gibbons, J. C., Kaplan, M. S., et al; Unusual diagnostic aspects and cur- 


rent management of pancreatic pseudocysts. Amer. Surgeon, 40:326-334, 1974. 


. Gonzalez, L. L., Jaffe, M. S., Wiot, J. F., et al.: Pancreatic pseudocyst: A cause of obstruc- 


tive jaundice. Ann. Surg., 161:569, 1965. 


. Greenstein, A., DeMaio, E. F., and Nabseth, D. C.: Acute hemorrhage associated with 


pancreatic pseudocysts. Surgery, 69:56, 1971. 


. Hutson, D. G., Zeppa, R., and Warren, W. D.: Prevention of postoperative hemorrhage 


after pancreatic cystogastrostomy. Ann. Surg., 177:689-693, 1973. 


. Jaffe, B. M., Ferguson, T. B., Holtz, S., et al.: Mediastinal pancreatic pseudocysts, Amer. J. 


Surg., 124:600-606, 1972. 


. Jensen, F., and Pedersen, J. F.: The value of ultrasonic scanning in the diagnosis of 


intra-abdominal abscesses and hematomas. Surg. Gynec. Obstet., 139:326-328, 1974. 


. Johnston, F. R., and Myers, R. T.: Etiologic factors and consequences of splenic vein ob- 


struction. Ann. Surg., 177:736-739, 1973. 


. Jones, R. C., and Shires, G. T.: Pancreatic trauma. Arch. Surg., 102:424-430, 1971. 
. Karlan, M., McPherson, R. C., and Watman, R. N.: Experimental production of pseudo- 


cysts of the pancreas of the dog. Surg. Gynec. Obstet., 107:221-227, 1958. 


. Katz, P., Dorman, M. J., and Aufses, A. H., Jr.: Colonic necrosis complicating postopera- 


tive pancreatitis. Ann. Surg., 179:403-405, 1974. 


. Marks, E., Bank, S., Louw, J. H., et al.: Peptic ulceration and gastrointestinal bleeding in 


pancreatitis. Gut, 8:253, 1967. 


. Miller, T. A., Lindenauer, S. M., Frey, C. F., et al.: Pancreatic abscess. Arch. Surg., 


108 :545-551, 1974. 


. Miridjanian, A., Abruoso, V. N., Derby, B. M., et al.: Massive bilateral hemorrhagic 


pleural effusions in chronic relapsing pancreatitis. Arch. Surg., 98:62, 1969. 


. Nardi, G. L., Lyon, D. C., Sheiner, H. J., et al.: Solitary occult retention cysts of the pan- 


creas. New Eng. J. Med., 280:11-15, 1969. 


. Othersen, H. B., Moore, F. T., and Boles, E. T.: Traumatic pancreatitis and pseudocyst in 


childhood. J. Trauma, 8:535-546, 1968. 


. Parshall, W. A., and Remine, W. H.: Internal drainage of pseudocysts of the pancreas. 


Arch. Surg., 91:480, 1965. 


. Polk, H. J., and Lopez-Mayor, J. F.: Postoperative wound infections: A prospective study 


of determinate factors and prevention. Surgery, 66:97-103, 1969. 


. Polk, H. C., Zeppa, R., and Warren, W. D.: Surgical significance of differentiation be- 


tween acute and chronic pancreatic collections. Ann. Surg., 169:444, 1969. 

Puestow, C. B., and Gillesby, W. J.: Retrograde surgical drainage of pancreas for chronic 
relapsing pancreatitis. Arch. Surg., 76:989, 1958. 

Rau, R. M., IJ, Thompson, R. J., Simmons, C. R., et al.: Selective visceral angiography in 
the diagnosis and treatment of gastrointestinal hemorrhage. Amer. J. Surg., 128:160- 
167, 1974. 


362 Dan W. ELLIOTT 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


ol. 


52. 


53. 


04. 


55. 


56. 


57. 


58. 
59. 


60. 


61. 


Rogers, J. B., Pearce, A. E., and Howard, J. M.: “Blue-dome”’ pseudocyst of the pancreas. 
Amer. J. Surg., 120:813, 1970. } 

Rosenberg, I. K., Kahn, J. A., and Walt, A. J.: Surgical experience with pancreatic 
pseudocysts. Amer. J. Surg., 117:11, 1969. 

Salvo, A. F., and Nematolahi, H.: Distant dissection of a pancreatic pseudocyst into the 
right groin. Amer. J. Surg., 126:430-432, 1973. 

Scharplatz, D., and White, T. T.: A review of 64 patients with pancreatic cysts. Ann. 
Surg., 176:638-640, 1972. . 

Schecter, L. M., Gordon, H. E., and Passaro, E., Jr.: Massive hemorrhage from the celiac 
axis in pancreatitis. Amer. J. Surg., 128:301-305, 1974. 

Schumer, W., McDonald, G. O., Nichols, R. L., et al.: Transgastric cystogastrostomy. 
Surg. Gynec. Obstet., 137:48-50, 1973. 

Shafer, R. B., and Silvis, S. E.: Pancreatic pseudo-pseudocysts. Amer. J. Surg., 127:320- 
325, 1974. 

Smith, R. B., Warren, W. D., Rivard, A. A., et al.: Pancreatic ascites. Ann. Surg., 177:538- 
546, 1973. 

Stept, L. A., Johnson, S. H., III., Marshall, M., Jr., et al.: Intrarenal pancreatic disease. J. 
Urol., 106:17-18, 1971. 

Stuber, J. L., Templeton, A. W., and Bishop, K.: Sonographic diagnosis of pancreatic 
lesions. Amer. J. Radiol., 116:406-412, 1972. 

Sybers, H. D., Shelp, W. D., and Morrissey, J. F.: Pseudocyst of the pancreas with 
fistulous extension into the neck. New Eng. J. Med., 278:1058, 1968. 

Thomford, N. R., and Jesseph, J. E.: Pseudocyst of the pancreas: A review of fifty cases. 
Amer. J. Surg., 118:86, 1969. 

Vajcner, A., and Nicoloff, D.: Pseudocysts of the pancreas: Value of urine and serum 
amylase levels. Surgery, 66:842-845, 1969. 

Vickers, F. N., and McPherson, R. C.: Cyst-gastrostomy stomal closure. Arch. Surg., 90:1, 
1965. 

Warren, K. W., Athanassiades, S., Frederick, P., et al.: Surgical treatment of pancreatic 
cysts: Review of 183 cases. Ann. Surg., 163:886, 1966. 

Warren, K. W., and Badosa, F.: Individualization in treatment of pancreatic cysts. Amer. 
Surgeon, 39:555-561, 1973. 

Warren, W. D., Marsh, W. H., and Muller, W. H.: Experimental production of pseudocysts 
of the pancreas with preliminary observations on internal drainage. Surg. Gynec. Ob- 
stet., 105:385, 1957. 

Warshaw, A. L.: Inflammatory masses following acute pancreatitis. Surg. Clin. N. Amer., 
54:621-637, 1974. 

Warshaw, A. L.: Pancreatic abscesses. New Eng. J. Med., 287:1234-1236, 1972. 

Warshaw, A. L., Chesney, T., Evans, G. W., et al.: Intrasplenic dissection by pancreatic 
pseudocysts. New Eng. J. Med., 287:72-75, 1972. 

White, T. T., and Bourde, J.: A new observation on human intraductal pancreatic pres- 
sure. Surg. Gynec. Obstet., 130:275, 1970. 

Wolstenholme, J. T.: Major gastrointestinal hemorrhage associated with pancreatic 
pseudocyst. Amer. J. Surg., 127:377-381, 1974. 


Veterans Administration Hospital 
University Drive C 
Pittsburgh, Pennsylvania 15240 


Symposium on Surgery of the Liver, Spleen, and Pancreas 


Pancreatic Cancer 


Daniel Diamond, M.D.,* and Bernard Fisher, M.D.** 


Diagnostic and therapeutic advances of the last 30 years have left 
unchanged the course and prognosis of carcinoma of the exocrine pan- 
creas. The most important reasons for this are the anatomic location and 
biologic nature of the tumor. An additional factor of importance is the 
consistently reported 4 to 9 month delay in diagnosis, 2° also unchanged 
in 30 years. Recent controversy has developed concerning the mainstay 
of our current surgical treatment, the Whipple pancreaticoduodenec- 
tomy and its modifications, and its role as the most efficacious surgical 
approach to this disease. 

It is the purpose of this paper to review and summarize the clinical 
characteristics of carcinoma of the exocrine pancreas and to review and 
reassess the standard operative approach. Cancer of the head, body, and 
tail of the pancreas will be considered together because they have many 
features in common. 


CLINICAL FEATURES 


The failure of technical advances to improve the prognosis for pa- 
tients with cancer of the pancreas over the last 30 years points to the 
need for a thorough review of the clinical signs and symptoms of this 
discouraging disease. This review is even more indicated by the 
frequently reported 4 to 9 month delay from onset of first symptoms to 
diagnosis. It should be noted that many of the early features of car- 
cinoma of the pancreas have been identified by retrospective case analy- 
sis. Hopefully, as clinical and diagnostic acumen improve, some of the 
more common and less favorable signs and symptoms will assume a 
lower order of prominence in future series. 

It should be stressed that the initial symptoms of cancer of the pan- 
creas are often vague and that, above all, physicians must employ a high 
index of suspicion if earlier diagnosis is to be effected. 

WeicHt Loss. Weight loss probably has been the most common 
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symptom seen.*’* 3!58 Associated usually, but not necessarily, with an- 
orexia, it may be rapid and severe. Berk,® in a collected series of 813 pa- 
tients reported an average weight loss of 11.9 kg at the time of admis- 
sion. , 
Pain. Abdominal pain afflicts 50 to 90 per cent of patients at some- 
time in the course of their illness.*® 7° ?!:?°35°8 Tt has been reported as 
the most common initial symptom in several retrospective series, but it 
is probable that other less specific symptoms actually precede the onset 
of pain in most patients. 

The insidious onset of intermittent, dull, vague, or aching epigastric 
pain, perhaps aggravated by meals or associated with post-cibal fullness 
or bloating, is a characteristic early description. The epigastric location 
is based on a T7 to T10 nerve distribution. The initial pain has been 
reported to occur in the hypogastrium in up to 10 per cent of patients. 
Colicky pain is not unusual and is more common when the pain is in the 
right upper quadrant, mimicking biliary colic. Right upper quadrant 
pain from pancreatic cancer bespeaks involvement of the head of the 
gland. Left upper quadrant pain is not unusual either, may be colicky, 
and suggests cancer of the body and/or tail of the pancreas. Initially, the 
pain is unlikely to penetrate through to the back, but may do so if there 
is associated pancreatitis. Back pain alone has been reported, but is un- 
common as the only presenting symptom. 

As the disease progresses, especially when the posterior parietes or 
surrounding viscera are involved, the pain becomes progressively more 
severe and constant and is often associated with penetration to the back. 
It may assume a boring quality. If there is ductal obstruction, aggrava- 
tion by meals may be pronounced. The pain is often described as being 
worse at night, aggravated by recumbency, and ameliorated by lying 
with legs drawn up, or walking bent over. 

MENTAL Symptoms. Mental or psychiatric symptoms associated 
with carcinoma of the pancreas are little understood and often neg- 
lected, particularly since they are not amenable to retrospective analy- 
ses. Fras et al.?* interviewed, prior to any definitive therapy, 46 patients 
with carcinoma of the pancreas and 64 patients with colon cancer; 48 
per cent of the former patients told of mental symptoms as the first to be 
experienced. These were described as depression, loss of ambition, in- 
terest, or initiative, and an unusual feeling of anxiety or premonition of 
serious illness. The onset of these symptoms always preceded and never 
followed the onset of pain. Seventy-six per cent of the patients with 
pancreatic cancer reported psychiatric symptoms in the course of the 
illness prior to operation. The overall incidence of psychiatric symptoms 
in patients with cancer of the colon was only 17 per cent. It is possible 
that reports which refer to fatigue as a common symptom are in fact 
documenting the symptoms described above. 

JAUNDICE. Along with weight loss and pain, jaundice is certainly 
one of the “big three” symptoms of cancer of the pancreas. It is more 
common with cancer of the head of the gland, being present in 80 to 90 
per cent of patients sometime in the course of the disease.*:**! When 
present, it is usually relentless and progressive, but may be intermittent. 
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The popular misconception that painless jaundice is the sine qua non of 
cancer of the head of the gland persists despite repeated reports that it 
occurs in only 15 to 25 per cent of patients.*:® 2° Jaundice with pain is 
more common by far. Another popular misconception refers to the fact 
that jaundice per se indicates unresectability or even inoperability. It is 
incumbent upon the medical team to demonstrate distant metastases or 
local extension before deciding that a jaundiced patient’s tumor is not 
resectable. 

BoweEL DisTuRBANCE. Diarrhea and/or constipation is seen in 
10 to 50 per cent of cases* *: 2 #1; 29. 40.58 and has been reported as ini- 
tial symptoms in as high as 30 per cent of cases. The diarrhea may be 
steatorrheic in nature, but usually is not. 

THROMBOPHLEBITIS AND PHLEBOTHROMBOSIS, Migratory throm- 
bophlebitis has commanded much more medical attention as a symptom 
of pancreatic cancer than it deserves.* *°#!»34 While this entity requires 
full diagnostic investigation, it is not pathognomonic of pancreatic 
cancer and does not by itself justify exploratory laparotomy. At ne- 
cropsy, phlebothrombosis has been reported in up to 50 per cent of pa- 
tients with cancer of the body and tail of the gland.** However, this is a 
terminal complication of many chronic diseases and may be seen in up 
to 50 per cent of middle-aged or elderly patients dying of cancer or heart 
failure.’ 

DysPEpPsiIA, NAUSEA, VOMITING. Vague symptoms of dyspepsia, 
nausea, and epigastric or post-cibal fullness are not uncommon early 
symptoms, but they are sufficiently vague or subjective to be little value 
in themselves. It has been suggested that these symptoms may be 
related to the achlorhydria which has been reported in patients with 
pancreatic cancer.'® Nausea and vomiting are seen in 10 to 30 per cent 
and, generally, are due to duodenal obstruction.°® 

Pruritus. Pruritus, a common accompaniment to obstructive 
jaundice, may be seen in 10 to 20 per cent of cases.*’ ** °° It bears no spe- 
cific relationship to pancreatic cancer. 

CHILLS AND FEVER. Chills and fever are seen occasionally* *° ** and 
may raise the level of clinical suspicion sufficiently to be helpful if there 
is not another obvious cause or if there are associated symptoms. 

HEMATEMESIS AND MELENA. Hematemesis and melena are usually 
late symptoms and may be due to tumor extension into the duodenum or 
stomach with ulceration, duodenal obstruction with benign gastric ul- 
ceration, or secondary to portal compression and resultant esophageal 
varices. 

HEPATOMEGALY. Liver enlargement is recorded in 50 to 65 per cent 
of cases* 2931-58 and is more common in carcinoma of the head of the 
gland. It is seen in 90 per cent of jaundiced patients” and is thought to 
be due to biliary obstruction and/or fatty infiltration rather than hepatic 
metastases. As with jaundice, hepatomegaly is not in itself a criterion of 
inoperability. 

PALPABLE GALLBLADDER. The classic observation by Courvoisier 
that a palpable gallbladder in the presence of painless jaundice should 
always suggest malignant disease is certainly true, but if a palpable 
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gallbladder is not found, the presence of carcinoma is not excluded. A 
clinically enlarged gallbladder has been reported in 12 to 50 per cent of 
cases of carcinoma of the head of the gland® !*:”°:#!-°* and is more likely 
to be present when there is jaundice. Even higher percentages (60 to 90 
per cent) are reported at the time of laparotomy or necropsy. 

MISCELLANEOUS. An epigastric abdominal mass is palpable in 10 to 
20 per cent of cases! and may be movable. Abdominal tenderness may 
be present in up to one third of patients with lesions of the body and 
tail! An often overlooked sign is that of an abdominal bruit. This 
usually is due to splenic artery compression or involvement. Abdominal 
enlargement due to ascites, a neck mass or subcutaneous nodules are 
signs sometimes seen in patients at the time of admission and, ob- 
viously presage a hopeless prognosis. 


DIAGNOSTIC STUDIES 


LABORATORY VALUES. The most common abnormal laboratory stud- 
ies are those which reflect obstructive jaundice and are most often ab- 
normal with carcinomas of the head of the gland. The serum alkaline 
phosphatase is usually elevated first, followed by the direct-reacting 
bilirubin. The indirect-reacting fraction rises soon after the direct, often 
precluding a definitive diagnosis of the type of jaundice. Quantitative 
urobilinogen of less than 5 mg in 24 hours is helpful in indicating ob- 
structive jaundice. Serum glutamic oxalic transaminase is helpful in 
excluding hepatitis, values below 500 mg being the rule. Urinary amy- 
lase may be elevated with cancers of the head of the pancreas, but is 
rarely so with body and tail lesions. Serum amylase and lipase are not 
usually elevated. An abnormal prothrombin time is usually indicative of 
primary hepatocellular disease but may be seen if obstructive jaundice 
has been longstanding. 

Elevated fecal fat and undigested meat fibers in the stool may help 
in the diagnosis of lesions of the head of the gland, but usually are not 
seen with body and tail lesions. Positive stool guaiac may be present in 
up to 50 per cent of cases even with tumors of the body and tail.?' Fast- 
ing hyperglycemia, glycosuria, or abnormal glucose tolerance test are 
present in 20 to 50 per cent of reported cases.*: **8 It should be stressed 
that an abnormal glucose tolerance test is often present without glyco- 
suria or fasting hyperglycemia. Elevated BSP retention and hypoalbu- 
minemia are not uncommon, but, of course, are not diagnostic. 


Secretin Studies 


The secretin and secretin-pancreozymin tests have been shown to 
be of value in studying the function of the exocrine pancreas.2* “* In the 
former test, deficiency of volume of pancreatic juice below 2 ml per kg 
over 80 minutes is characteristic of lesions obstructing the pancreatic 
duct while a qualitative deficiency of bicarbonate below 90 mEq per 
liter is associated with inflammatory disease. This is a less reliable test 
for tumors of the body and tail. However, when coupled with the collec- 
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tion of cells for cytologic study, the secretin test and secretin- 
pancreozymin test, particularly the latter, may yield a cytologic diag- 
nosis of malignancy in 80 per cent of cases," including those with 
tumors of the body and tail. 


Special Tests 


In cases in which the nature of the jaundice is unclear, the pred- 
nisolone test has been used to distinguish primary intrahepatic disease 
from obstructive jaundice. Thirty mg of prednisolone per day is given 
for 7 days and should cause a rapid drop in bilirubin during the first few 
days if the jaundice is not obstructive in nature. 


Radiologic Procedures 


An upper gastrointestinal barium meal may be helpful in one third 
of patients with cancer of the head of the gland. Widening of the 
duodenal c-loop, the “inverted three” sign, and evidence of external 
compression, erosion or irregularity of the duodenum are commonly 
looked for signs. Distortion and flattening of the gastric antrum, rigidity 
of the gastric wall, anterior displacement of the stomach, or displace- 
ment of the colon may be seen with tumors of the body and tail, but 
radiologic abnormalities are even less frequent than with lesions of the 
head of the organ. 

Hypotonic duodenography is probably more helpful in the diagnosis 
of tumors of the head of the pancreas than a standard barium meal. 

If the serum bilirubin is below 3, oral cholecystography or intra- 
venous cholangiography may be useful methods with which to assess 
the biliary tract. In patients with obstructive jaundice, percutaneous 
transhepatic cholangiography may be helpful in defining the cause of 
the jaundice. 

In general, it can safely be said that rarely is a definitive diagnosis 
made possible by standard radiologic techniques, but an abnormal x-ray 
in association with a suggestive history and physical examination is 
strong confirmatory evidence. 

Fiberoptic duodenoscopy with cannulation of the papilla and pan- 
creatic ductography is a new and exciting procedure which is not com- 
monly employed at present, but which may prove to be of more use in 
the future. 

Angiography of the celiac and mesenteric arteries has been more 
helpful in the diagnosis of endocrine tumors of the pancreas than in the 
diagnosis of exocrine cancers. However, selective pancreatic angio- 
graphy has been successfully employed to differentiate cancer from 
pancreatitis, to locate the tumor, and to evaluate operability.’ 
Angiography and splenoportography will be discussed in more detail ina 
subsequent section. 

Retroperitoneal pneumatography has proved to be of little value in 
the diagnosis of pancreatic cancer. 


Scanning 


7>Se-selenomethionine is the best evaluated and most commonly 
used scanning agent. Electronic subtraction of the liver image and 
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sequential imaging have contributed to the diagnostic accuracy with - 
which scanning may be used. For a more thorough discussion of this 
topic, the reader is referred to a recent review by Bachrach et al.’ 

Pancreatic scanning, as it is currently performed, contributes little 
to the diagnosis of pancreatic cancer at an early stage. In most instances 
in which the scan is clearly abnormal, the symptomatology, laboratory 
studies and/or radiologic findings are sufficiently abnormal to point to 
the need for exploratory laparotomy without further delay. 


Laparotomy 


Exploratory laparotomy remains the sine qua non in the diagnosis of 
pancreatic cancer. As Whipple has said, “To observe the patient for 
weeks until the diagnosis is obvious is to study the patient to death.” If 
there is any confirmatory laboratory or radiologic evidence, the patient 
should have a laparotomy performed. Even if a cytologic diagnosis is in 
hand, a patient with a clinically obvious carcinoma of the pancreas in 
whom there is no evidence of distant metastasis should almost always 
have a laparotomy to determine the regional extent of the disease. It is 
axiomatic that this should be undertaken only by a surgeon familiar 
with the disease and prepared to proceed with definitive surgical treat- 
ment. A previous exploration, particularly if there has been a biopsy, 
makes an assessment of the extent of the tumor by the surgeon more 
difficult, increases the technical difficulty of resection, and reduces the 
chances for cure. 


Biopsy 

One of the more controversial areas relative to the diagnosis of 
cancer of the pancreas has to do with peroperative biopsy. Many believe 
that the morbidity and even mortality associated with peroperative 
biopsy are inordinately high and that the lack of a definitive diagnosis is 
all too common. They argue that in many cases a negative biopsy will 
not change the surgeon’s decision to do a resection. Other surgeons 
believe that a biopsy-proven diagnosis should always be obtained prior to 
the performance of radical surgical procedures. 

In cases in which there is an obvious pancreatic cancer or in which 
a histologic diagnosis can be obtained by biopsy of a regional lymph 
node or tumor mass, there should be no need for a pancreatic biopsy. 
However, it is in such cases as those in which the clinical diagnosis is 
difficult (i.e., a small tumor surrounded by a zone of pancreatitis) that 
the decision to biopsy has proven to be so controversial. Both needle 
puncture biopsy and wedge biopsy have been reported to be attended 
by an unacceptable morbidity and mortality from complications such 
as pancreatitis, pancreatic fistula, abscess and pseudocyst formation, 
hemorrhage, and false positive and negative diagnoses. In addition, the 
possibility of tumor dissemination has been raised as an objection. How- 
ever, Dencker*® and Forsgren*’ report a reliability rate of 80 to 90 per 
cent and a complication rate of only 4 per cent with one mortality when 
these two techniques were used to evaluate a total of 131 patients. 

Aspiration biopsy with a small gauge needle is a newer technique 
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which appears to be less controversial. Forsgren,* Christoffersen and 
Poll,’ and Halveg* have reported a total of 77 patients on whom aspira- 
tion biopsies of the pancreas were done. There was one false negative 
diagnosis, no false positive diagnoses and no complications or mortali- 
ties. As to whether or not aspiration biopsies might disseminate tumor, 
there is evidence that they do not from large series of cancer of the 
breast (Robbins et al.),> kidney (von Schrieb),”” and salivary gland (Eng- 
zell).*4 


PATHOLOGY 


Cancer of the pancreas occurs in the head of the gland in 65 per 
cent of cases.**’* In only 10 per cent of the 2436 cases collected by the 
California Public Health Department between 1942 and 1956 was the 
tumor still localized within the gland at operation.” 

Gross DESCRIPTION. Pancreatic cancer is a poorly demarcated 
gray-brown, schirrhous, nodular growth within the glandular substance. 
When cut with a scalpel it is hard and gritty. The cut surface may show 
scattered areas of red or brown necrosis or hemorrhage. Spaces contain- 
ing turbid, gray or brown fluid may be present. Spread beyond the cap- 
sule tends to be in the form of hard, bulging masses of irregular confor- 
mation. Occasionally, the pancreas is diffusely involved and there is no 
distortion. Lesions which result in ductal obstruction may cause the 
duct of Wirsung to be enlarged and palpable and the body and tail to be 
indurated and firm with rounded or blunted edges. In such cases there 
may be signs of pancreatitis such as fat necrosis. 

PATHS OF SPREAD. Carcinoma of the head of the pancreas is char- 
acterized by invasion into and along the duct of Wirsung and common 
bile duct and into the duodenum. The stomach and portal vein may be 
directly invaded. In cancer of the body and tail, direct invasion of the 
posterior parietes and splenic vein are common and seeding into the 
peritoneal cavity is more frequently seen than with lesions of the head. 
The liver, regional lymph nodes, and lungs are the most common sites 
of metastases. Distant lymph nodes, adrenal glands and peritoneum are 
less common sites. 

Three anatomic characteristics favor the early dissemination of 
pancreatic cancer: (1) the rich lymphatic drainage of the pancreas and 
the absence of acinar lymphatic capillaries; (2) the rich venous drainage 
by short, large vessels which drain into the splenic and portal veins; (3) 
the intimate relationship of the pancreas to other intra-abdominal 
organs such as the duodenum, common bile duct, stomach, colon and 
spleen. 

Histotocy. The most common histologic tumor type is adenocar- 
cinoma of ductal cell origin, occurring in 80 to 90 per cent of cases. The 
remainder arise from the acini. Variations of ductal carcinomas may 
include squamous carcinoma (adenoacanthoma), mucinous carcinoma 
and ciliated adenocarcinoma. Involvement of the perineural lymphatics 
and microvasculature of the gland are common and presages a poorer 
prognosis. 
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OPERATIVE MANAGEMENT 
SURGICAL PROCEDURES 


At the present time operative treatment is the only effective therapy 
for carcinoma of the pancreas. Despite the relatively poor prognosis, 
surgical cures are possible. No patient should be denied the chance for a 
cure just because his physician believes that cancer of the pancreas is a 
uniformly lethal disease. 

A thorough exploration of the abdominal cavity and evaluation of 
the periampullary area, lesser sac, parietes posterior to the pancreas, and 
regional lymph node-bearing areas are necessary prior to deciding 
whether or not a tumor is resectable. The most frequently involved 
lymph nodes are those at the root of the small bowel mesentery, those 
along the hepatic, middle colic, splenic and gastroepiploic arteries, those 
posterior to the common and hepatic ducts, and those at the celiac axis. 
Peritoneal seeding, liver involvement, portal or mesenteric vascular in- 
volvement, extension into the posterior parietes, complete involvement 
of the uncinate process and regional lymphatic involvement are gener- 
ally thought to preclude resection for cure. In most series, resectability 
varies from 10 to 20 per cent.!” *°- #8 

For descriptions of the ‘‘Whipple pancreaticoduodenectomy” and its 
modifications, hereinafter called partial pancreatectomy, the reader is 
referred to Waugh and Gilberson,® Warren and Jefferson,” and Child 
and Frey." In general, these operations involve a regional, en bloc resec- 
tion of the distal half of the stomach and common bile duct, the entire 
duodenum, and the head and neck and a variable portion of the body of 
the pancreas. The extent of the gastrectomy depends upon whether or 
not a vagotomy is to be done (i.e., antrectomy when vagotomy is done, 
two thirds gastrectomy when no vagotomy is done). Reconstruction is 
usually accomplished from proximal to distal by a choledochojejunos- 
tomy, pancreaticojejunostomy, and, finally, a gastrojejunostomy. There 
is no unanimity of opinion as to what is the best method of constructing 
the pancreaticojejunal anastomosis, that is, whether direct duct to 
jejunum suturing is necessary, or whether invagination of the entire 
transected surface of the pancreas into the jejunum is just as good or 
preferable. 

For cancers of the body and tail, distal pancreatectomy and splenec- 
tomy are the most commonly employed procedures. 

En bloc resection of the common bile duct, stomach, duodenum, 
pancreas, and spleen, hereinafter termed total pancreatectomy, is an in- 
creasingly popular operation for cancers of the pancreas. For a descrip- 
tion of this operation refer to Ross.*! The rationale for total pancreatec- 
tomy will be discussed. 


Temporizing Procedures 


If a pancreatic neoplasm is found at operation in a jaundiced patient 
by a surgeon unwilling or unable to perform a definitive resection, the 
occasion may be utilized with benefit if he performs cholecystostomy or 
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T-tube choledochostomy. This is also done by some surgeons as part of a 
two-stage approach in patients who are severely jaundiced. There is 
some indication that preliminary biliary decompression in the jaundiced 
patient lowers the postoperative morbidity and mortality from hepatic 
and renal insufficiency.** © 


Palliation 


Several palliative procedures may be considered for unresectable 
cancers of the pancreas. Biliary diversion with a Roux-en-Y loop of 
jejunum is indicated for advanced lesions of the head of the gland. A 
choledochojejunostomy may be preferable to a cholecystojejunostomy 
because of the tendency of lesions of the head to extend and obstruct 
the common bile duct. 

Duodenal obstruction by tumors of the head of the gland may be 
palliated by a gastrojejunostomy. Indeed, for these lesions, gastrojejun- 
ostomy should be done at the time of biliary diversion, since duodenal 
obstruction is imminent in many cases in which it does not already 
exist. 

The mean survival time for patients undergoing bypass procedures 
is 5 to 9 months.” ** Though they obviously do not prolong survival, 
these procedures are certainly of use in improving the quality of remain- 
ing life. 


Postoperative Morbidity, Mortality, and Survival 


The early postoperative morbidity associated with the “Whipple” 
pancreaticoduodenectomy is not small. Monge“ reported significant post- 
operative complications in 65 per cent of 236 patients undergoing this 
procedure. Pancreatic and biliary fistulas, gastrointestinal hemorrhage, 
wound infections, hypotension and peritonitis lead the list of complica- 
tions. Uremia was present in 38 per cent of patients and primary renal 
failure accounted for 11 per cent of the deaths. Unfortunately, this ex- 
perience with partial pancreatectomy is not unique. In most series 
pancreatic fistula, with or without intraperitoneal hemorrhage, peri- 
tonitis, or sepsis, is the leading cause of morbidity and death.” * * °° In 
the series of 253 patients reported by the Lahey Clinic,*! the late post- 
operative complications consisted of pancreatic exocrine insufficiency 
(22.0 per cent), diabetes mellitus (15.0 per cent), and jejunal ulcer (7.5 
per cent). It is probable that these rates would have been higher, had pa- 
tients survived longer. Although series of 25°‘ and 41°*° cases of pancrea- 
ticoduodenectomy without an operative mortality have been reported, 
the general experience with this operation has not been so fortunate, 
with postoperative mortality ranging from 13.5 to 51 per cent.* 1% 314° 4.49 
In general, the operative mortality varies considerably with the surgeon 
and with the institution, but 25 to 30 per cent is probably not far from the 
average rate over the past 10 years. 

Five-year survival rates after pancreaticoduodenectomy for cancer 
of the head of the pancreas vary from 0 to 14 per cent.*" *” # ®! There is 
only one reported case of a 5 year survival after resection for carcinoma 
of the body and tail of the pancreas.”! The average survival after pallia- 
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tive bypass procedures ranges from 4 to 9 months. Morris and Nardi** 


compared a group whose tumors were resected to another group whose 
tumors were resectable, but in whom palliative bypass procedures were 
done instead. Fifty per cent of the latter group were dead at 6 months, 
whereas 50 per cent of the former group were alive at 21 months. 


A CASE FOR TOTAL PANCREATECTOMY 


The dismal survival rates which have been achieved by partial 
pancreatectomy have stimulated surgeons to consider total pancreatec- 
tomy as a way of achieving more cures. There are several factors which 
would lead one to believe that this might be possible: 

1. Cancer of the pancreas may be a multicentric disease. Though 
the exact incidence of multicentricity is not known, a high incidence of 
ductal hyperplasia and even carcinoma in situ have been reported in as- 
sociation with invasive cancers of the pancreas.'”’*> In addition, a high 
incidence of ductal hyperplasia has been reported on autopsies of diabe- 
tics, a group known to be at higher risk for cancer of the pancreas.* ® 8 

2. Invasive cancer at the line of resection has been documented in a 
total of 15 of 50 cases reported by Monge et al.,#? Collins et al.,!7 and 
Hicks et al.*° Though poorly documented in most series, the recurrence 
of tumor in the pancreatic remnant is frequent enough to suggest that 
pancreatic tissue containing tumor is left behind in some proportion of 
cases. 

3. Free-floating malignant cells have been found within the ductal 
system" and could result in seeding of the operative site or remaining 
duct system. The high rate of positive cytologic diagnosis with secretin 
stimulation?’ tends to confirm this possibility. 

4. Cancer of the pancreas is diffuse in approximately 6 per cent of 
cases.”! 

5. Complications relative to the pancreaticojejunal anastomosis, the 
major cause of morbidity and death after partial pancreatectomy, is 
eliminated by total pancreatectomy. 

There are several reasons why total pancreatectomy has not gained 
the popularity that it might otherwise enjoy: 

1. The diabetic state resulting from total pancreatectomy has been 
considered difficult to manage. In addition, the possibility exists that pa- 
tients will develop the long-term sequelae of diabetes mellitus, i.e., re- 
tinopathy, nephrosclerosis, and vascular disease. 

2. The total loss of pancreatic exocrine secretion has been viewed as 
a major problem in postoperative management. 

3. The mortality rates reported in early total pancreatectomy series 
were much higher than those presently attainable for partial pancrea- 
tectomy. 

These problems deserve a more thorough discussion than they have 
yet been given. 


Diabetic State 


Early reports*** of patients who had had total pancreatectomy in- 
dicated that these patients behaved as brittle diabetics. Their insulin 
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requirements fluctuated widely and precipitously and hypoglycemic epi- 
sodes were common. However, many of these cases had recurrent 
tumor, unsuspected infections, or poor and erratic intestinal absorption 
because of a failure to take pancreatic exocrine supplements. In addi- 
tion, the diabetic control which was attempted was probably too strict. 
Most recent reports indicate that the diabetes produced by total pancrea- 
tectomy is not of the brittle type and is not difficult to manage. The early 
postoperative insulin doses are not high, even in patients with pre-exist- 
ing diabetes, and often decrease with time. It is generally agreed that 
the aim of insulin therapy should be to prevent ketosis, but not to main- 
tain the patient in a euglycemic state, or even necessarily to prevent 
glycosuria. 

Given the facts that 25 to 50 per cent of patients have diabetic 
glucose tolerance curves prior to operation and that insulin-requiring 
diabetes develops as a late sequela of partial pancreatectomy in approxi- 
mately 15 per cent of patients, an inordinate concern over producing a 
diabetic state by total pancreatectomy does not seem justified. One case 
of diabetic retinopathy'! and one case of total diabetic nephrosclerosis” 
have been reported after total pancreatectomy. Unfortunately, there 
have not been enough long-term survivors to document the frequency 
of these late complications. Given the dismal survival rates after partial 
pancreatectomy and the age of peak incidence of cancer of the pancreas, 
it is unlikely that this will ever be a serious objection to total pancreatec- 
tomy. 


Pancreatic Exocrine Function 


The loss of pancreatic exocrine secretions after total pancreatec- 
tomy results in steatorrhea and creatorrhea. Recent reports indicate that 
a positive nitrogen balance and weight maintenance can be obtained 
with the use of commercial pancreatic supplements such as Pancreatin, 
Cotazyme (pancrelipase) and Viokase (pancreatic extract) when coupled 
with a reduced fat intake.** *® The somewhat unpredictable response to 
pancreatic extracts seems to be due to variable lipase activity. The effec- 
tiveness with which these agents may be employed depends upon an ad- 
equate reduction in gastric acid production and points out the need for 
adequate gastrectomy and/or vagotomy. The late occurrence of exocrine 
insufficiency has been reported to be the most common sequela of par- 
tial pancreatectomy.” It often occurs as a result of tumor recurrence or 
consequent to anastomotic ductal stenosis. Since pancreatic exocrine in- 
sufficiency is almost always manageable and since it occurs frequently 
following partial pancreatectomy, the complete exocrine insufficiency of 
total pancreatectomy appears to be a weak argument against this proce- 
dure. 


Mortality and Morbidity 


The operative mortality after total pancreatectomy was high in early 
series. The same may be said of the ‘“‘Whipple operation” and its modifi- 
cations. Indeed, in some series the operative mortality is still in the 50 
per cent range.*!’ #? More recently Hicks® has reported an operative mor- 
tality of 9 per cent and Remine” one of 22 per cent after total pancrea- 
tectomy. 
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With the pancreaticojejunal anastomosis accounting for at least 20 
per cent of the morbidity and mortality after partial pancreatectomy, one 
would expect a lower morbidity after the total operation as more experi- 
ence is gained. 

Whether or not long-term survival will be improved following total 
pancreatectomy is uncertain. Hicks® reported an average survival of 
15.4 months in 10 patients surviving total pancreatectomy, 2 patients 
being alive at 21 months and one alive at 42 years. The average sur- 
vival of 9 living after partial pancreatectomy was 81/2 months. Remine” 
reported 18 patients surviving total pancreatectomy. Four were alive 
and well at the time of the report, 7 others lived beyond 2 years, 4 
beyond 4 years and 2 beyond 5 years. 

In summary, the replacement of partial pancreatectomy by total 
pancreatectomy in the surgical treatment of resectable cancers of the 
pancreas seems indicated. Comparable operative mortality, lower post- 
operative morbidity and higher survival rates may be anticipated. 


NON-OPERATIVE MANAGEMENT 


Management of the patient with unresectable cancers of the pan- 
creas should be aimed at the relief of pain and improvement of the 
quality of remaining life. Narcotics for pain relief are obviously war- 
ranted but may not be effective. Bridenbaugh’® reported acceptable 
results following injection of 50 per cent alcohol into the celiac plexus. 
Chemical splanchnicotomy at the time of exploration or bypass proce- 
dure has also been reported to be effective.'* Though neither radiation 
therapy nor 5-fluorouracil treatment alone has been very effective in 
the relief of pain, together they have been reported to be beneficial by 
Falkson.?° 

5-Fluorouracil is probably the most thoroughly evaluated chemo- 
therapeutic agent which has been used to treat cancer of the pancreas. 
Keementz and Becker” report occasional worthwhile responses. Combi- 
nation chemotherapy appears to hold some promise of more objective 
responses but as yet has not been well evaluated. 


HOPE FOR THE FUTURE 


Some hope for better prognosis and cure rates may be forthcoming 
if earlier diagnosis is achieved and the operative approach is modified. It 
must be obvious, however, that the only real hope of major changes in 
survival is a better understanding of the oncogenesis of these tumors 
and, subsequently, the development of therapeutic modalities aimed at 
this process itself. At the present time, adjuvant immunotherapy and 
adjuvant combination chemotherapy hold some promise. It is impera- 
tive that these and, indeed, all promising treatment modalities be em- 
ployed in the context of clinical trials, so that the dismal prognosis de- 
tailed herein is not repeated in a paper 30 years hence. 
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The Pancreas in Infants and Children 


Mark M. Ravitch, M.D.* 


With the probable exception of pancreatitis in the alcoholic, all the 
lesions of the pancreas which are seen in adults occur also in infants 
and children. However, their frequency, mode of clinical presentation, 
and treatment tend to be substantially different in children and the dif- 
ferential diagnosis of their clinical manifestations likewise differs. 


ANNULAR PANCREAS 


Duodenal obstruction due to annular pancreas may occur at any 
time in life. Why an annular pancreas which has been present from in- 
trauterine life should cause duodenal obstruction for the first time in a 
man of 40 or 50 is not at all clear, but the evidence would suggest that it 
is due to inflammatory changes in the pancreatic ring, producing pro- 
gressive obstruction. In the infant, the obstruction may occur from the 
moment of birth because of the frequent association of an intrinsic 
duodenal obstruction—atresia—or at any time in the first weeks or 
months because of the extrinsic compression of the duodenum by the 
pancreatic ring. 

The generally accepted embryologic explanation for malformation 
depends upon the development of the pancreas from two anlagen, dorsal 
and ventral, making their appearance as buds in the mid gut of the 3 or 
4 mm embryo before rotation of the gut takes place. In the course of 
development, the dorsal anlage usually forms the body and tail of the 
pancreas and part of the head and uncinate process. The ventral anlage 
consists of right and left portions. The left atrophies early, the re- 
mainder contributes to the head of the pancreas, its duct joining with 
the distal portion of the dorsal duct to form the duct of Wirsung. The 
proximal portion of the dorsal duct becomes the accessory duct of San- 
torini. It is postulated that, in rotation of the duodenum, pancreatic tis- 
sue from the ventral anlage may be carried within the second portion of 
the duodenum, subsequently fusing its free end superiorly to the pan- 
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creas creating the annular deformity. By 1967, Peiper and Muller- 
Heubach” had found a total of almost 340 well documented cases in the 
literature. 

The width of the pancreatic ring varies from 0.8 to 5.0 cm and it lies 
almost invariably proximal to the level of the papilla of Vater. In all, 
some 85 per cent of the instances are in the second portion of the 
duodenum with the others scattered in the first portion or the third. In 
autopsy specimens, there is generally a recognizable duct within the 
ring. Of critical importance in determining clinical management is the 
fact that the pancreatic tissue is generally firmly attached to, and grown 
into, the duodenal musculature.’ A portion of the pancreatic ring is 
therefore in fact intramural. There is usually a modest amount of hyper- 
trophy of the duodenal wall proximal to the obstruction. Half the re- 
ported instances were manifested in the first year of life, and of those, 
two thirds were symptomatic in the first week of life. 

It has recently become clear that an intrinsic duodenal obstruction 
is a frequent part of the picture.* In some instances, this is probably due 
to the inhibiting effect of the ring of pancreas upon the growth of the 
duodenum, causing what amounts to a functional duodenal stenosis. 
Duodenal atresia at this same level may be explainable on the same 
basis. As in other forms of high intestinal obstruction in the newborn in- 
fant, the interference with ingestion by the fetus of the amniotic fluid, 
and the resultant interference with the dynamics of this fluid exchange, 
frequently results in hydramnios. Mongolism—Down’s syndrome-—is 
not as common as in isolated duodenal atresia, but still occurs with sig- 
nificant frequency. Nonrotation of the intestine, or incomplete rotation, 
is common, and preduodenal portal vein has been reported as well. 
Other anomalies of the gastrointestinal tract occur with significant 
frequency. The implication is of a genuine embryologic malformation as 
opposed to the situation in intestinal atresia, currently seen to be due to 
a localized intrauterine vascular accident in the advanced embryo, and 
generally unassociated with malformation elsewhere in the fetus."! 


Symptoms 

Vomiting is the principal symptom and the onset and severity 
depend upon whether there is an associated complete obstruction or not. 
In the newborn infant annular pancreas presents as a duodenal obstruc- 
tion. Radiologically, a sharp, smooth transverse cut-off in the second 
portion of the duodenum may suggest annular pancreas rather than 
duodenal atresia. Both may show the classical double-bubble sign. The 
presence or absence of air in the rest of the gastrointestinal tract 
depends upon whether there is an associated duodenal atresia as well. 

While the diagnosis can be suspected by the radiologic character of 
the duodenal obstruction, the precise differential diagnosis is of only ac- 
ademic importance since all forms of duodenal obstruction in the new- 
born infant require urgent operative relief. The causes of duodenal ob- 
struction include annular pancreas, duodenal stenosis or atresia, 
compression of the duodenum by “Ladd’s bands” in nonrotation or 
malrotation, volvulus in association with failure of rotation presenting 
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as a high intestinal obstruction, and rare lesions such as obstruction by 
duodenal enteric cyst. 

Pyloric stenosis generally is of later onset. The vomiting is projec- 
tile, the pyloric tumor is palpable, and the duodenum is not dilated, so 
that there should not be any difficulty in this differential diagnosis. 


Operation 


As in any laparotomy in the newborn infant, our preference is for a 
transverse incision, in this instance in the upper abdomen. An annular 
pancreas is readily recognizable as a band of pinkish white tissue 
traversing, and fixed to, the duodenum. The temptation to divide the 
pancreatic ring is to be avoided. It would be difficult because of the in- 
tramural location of a substantial portion of the pancreatic tissue, and 
hazardous because of the usual presence of the significant duct within 
it,’ division of which has led to escape of pancreatic fluid and pancrea- 
titis, either with disastrous immediate results, or with a resultant ‘‘re- 
currence” from fibrosis caused by postoperative pancreatitis. Further, 
the frequent association of an intrinsic obstruction of the duodenum 
counsels a by-pass operation rather than the apparently simple maneu- 
ver of division of the ring. The preferred operation is either duodenoduo- 
denostomy or duodenojejunostomy by the retrocolic route. Gastrojejun- 
ostomy should obviously be avoided. The literature in the early years of 
this century when gastroenterostomy was the regularly employed treat- 
ment for pyloric stenosis contains descriptions of the early appearance 
of anastomotic ulcers in such patients. 


PANCREATITIS 


The chief cause of pancreatitis in children in this country is trauma. 
The salient feature of such traumatic pancreatitis in children is the 
frequency with which the trauma is relatively minimal. A trifling fall 
upon a toy or the poking of a tricycle handlebar into the epigastrium has 
been sufficient to cause a pancreatic injury and pancreatitis.* ° Clas- 
sically, the initial symptoms are mild. All too often children are seen in 
the emergency room and sent home, or admitted to the hospital for ob- 
servation for a day or two and found to have only minimal abdominal 
tenderness which recedes, allowing them to be discharged. The develop- 
ment of a pseudocyst or of pancreatic ascites in the subsequent days or 
weeks finally establishes the diagnosis. 

Despite the common delay in diagnosis of traumatic pancreatitis in 
children, and the even slower recognition of pseudocyst in the pancreas 
in children than in adults, the ultimate results of treatment are good and 
superior to those in adults. It is one of the beauties of pediatric surgery 
that ordinarily one is dealing with an organism healthy in all respects 
but for the lesion which has attracted attention, and in children with 
traumatic pancreatitis and pancreatic cyst, there is no underlying pre- 
existing disease of the pancreas or biliary tract, and the heart, lungs, 
kidneys and liver have not yet had to stand the vicissitudes of several 
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decades of the wear and tear of ingested and inhaled noxious materials, 
bacterial disease, and the inexorable passage of time. ‘ 

The lesion in traumatic injury to the pancreas in children is almost 
invariably a vertical transection of the pancreas, directly over the ver- 
tebral column, and therefore usually somewhat to the left of the supe- 
rior mesenteric vessels. In almost every reported case, except those in 
association with massive automobile injury,-the injury to the pancreas is 
isolated. Any child with genuine abdominal tenderness after an injury 
merits serious consideration for abdominal exploration. A transection of 
the pancreas and for that matter a rupture of the jejunum, may give 
remarkably and deceptively few symptoms for one to several days. With 
injury of the pancreas, films of the abdomen may ultimately show a re- 
troperitoneal mass displacing the stomach forward or the colon down- 
ward or both. Because the injury is to the body or tail of the pancreas, 
the C-loop of the duodenum, initially at least, is usually not much 
displaced and the reversed 3-sign only occasionally seen. The diagnosis 
is made on the presence of abdominal tenderness and the finding of an 
elevated serum amylase. If abdominal aspiration, so frequently resorted 
to for blunt force abdominal injury, yields fluid, an amylase determina- 
tion should be made. 


Treatment 


The treatment of acute traumatic pancreatitis caused by subcutan- 
eous injury of the abdomen is immediate operation. If the transection of 
the pancreas is obvious, the portion of the pancreas distal to the line of 
rupture is resected. So long as the splenic artery is spared, the distal por- 
tion of the pancreas may be removed with the attached splenic vein and 
the spleen spared, the short gastric vessels providing adequate venous 
collateral. If operation has been delayed for several days, there is 
frequently so thin-walled a pseudocyst as to constitute no more than a 
localized intra-abdominal collection of fluid. In such instances, internal 
drainage of the cyst into a Roux-Y jejunal loop is not feasible. At this 
point, the edema, hemorrhage and exudate argue against an attempt at 
definitive resection of the distal pancreas. In such instances, the fluid is 
aspirated and a sump drain placed down to the injured pancreas. In 
most instances, drainage will ultimately cease, and after an appropriate 
sinogram to demonstrate that no cavity persists, the drain may be 
withdrawn. If a pancreatic fistula persists for a long time, one has the al- 
ternative ultimately, either of resecting the distal portion of the pancre- 
as, or of implanting the sinus tract, with a button of abdominal skin, into 
the stomach or a Roux-Y loop. 

In patients who are recognized late as having a pseudocyst, in 
whom the cyst has a well developed wall, my preference is for a Roux- 
en-Y cystojejunostomy. The reported results with cystogastrostomy 
seem equally good. The cyst may be so enormous as to fill the abdomen, 
and contain several liters of fluid, or may be relatively small and at- 
tached to the tail or body of the pancreas in such a way as to invite suc- 
cessful resection of the cyst with the attached portion of pancreas. Once 
a mature cyst is encountered, simple drainage has no place. 
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A few pseudocysts have been reported in children with no history or 
evidence of trauma, and pseudocysts have occurred in children after 
mumps pancreatitis, and after acute hemorrhagic pancreatitis without 
obvious cause. Acute pancreatitis with or without ultimate development 
of a pseudocyst has been reported from a number of institutions without 
any suspicion of trauma and without any demonstrated etiology. Acute 
suppurative or hemorrhagic pancreatitis has occurred as a complication 
of sepsis, either generalized or apparently localized elsewhere in the 
body. 

The transformation of physicians and pediatricians into aggressive 
therapists has permitted them to abort, modify, and cure many condi- 
tions once beyond the realm of treatment, or previously amenable only 
to operative treatment. A constellation of iatrogenic diseases has made 
its appearance as a result. The widespread use of steroids in substantial 
doses and for long periods of time in children with nephrosis, ulcerative 
colitis, renal transplants, and other conditions has produced a signifi- 
cant number of cases of pancreatitis. Steriod-induced pancreatitis may 
vary from a mild disease with abdominal pain and elevated serum 
amylase to a fulminating hemorrhagic pancreatitis destroying the pan- 
creas, producing widespread fat necroses and resulting in collapse and 
death within a few days. The mechanism of steroid-induced pancreatitis 
is not understood. The treatment is operative if the patient’s condition is 
deteriorating, if abscess or a widespread necrosis of the pancreas or 
pseudocyst are suspected or if pancreatic ascites occurs. The chlorothia- 
zide diuretics have occasionally been known to cause pancreatitis, and 
there is every reason to suppose that as time goes on and the list of po- 
tent drugs to which patients are exposed increases, other drugs will be 
found to cause pancreatitis. 

A form of recurrent pancreatitis occurs in children, sometimes 
severe and sometimes mild, with a high familial incidence and asso- 
ciated with aminoaciduria or hyperlipemia or both. Extensive calcifica- 
tion of the pancreas sometimes results. Chronic recurrent pancreatitis, 
not familial, and without an obvious basis, has also been reported.'® 

In the majority of children with pancreatitis once the inciting mech- 
anisms have been corrected and the complications remedied, there is no 
further trouble: however, a few patients have had repeated attacks in 
the absence of any disease process or drug exposure that could be con- 
sidered causative. 


HYPOGLYCEMIA IN INFANCY AND CHILDHOOD 


In the first 6 months of life, at a time when the brain with its enor- 
mous need for glucose is growing rapidly, periods of profound hypogly- 
cemia may have devastating and permanent effects upon the central 
nervous system. In the older child, islet cell adenomas, glycogen storage 
disease, pituitary and adrenal insufficiency states, malabsorption, galac- 
tosemia, and extrapancreatic tumors producing insulin may cause 
symptomatic hypoglycemia. In the newborn infant, in addition, there is 
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the symptomatic hypoglycemia seen in infants born of toxemic mothers, 
of diabetic mothers, and of mothers with prediabetes and gestational 
diabetes; hypoglycemia is also seen in dysmature infants (“small for 
dates”, “birth weight low for length of gestation”), in infants with 
severe erythroblastosis, and, in the largest group of all, in infants with 
idiopathic or agnogenic hypoglycemia. 

Hypoglycemic infants attract attention-by their pallor or jitteriness, 
respiratory irregularities, collapse, or convulsions. In older children, as 
in adults, personality and mental changes may be observed before more 
severe signs are manifested. The hypoglycemia may be mild and self- 
limited in all the conditions listed, except islet cell adenoma and ag- 
nogenic hypoglycemia, and, as well, when associated with glycogen 
storage disease or pituitary or adrenal disorders. There is evidence, how- 
ever, that even the transitory hypoglycemia in dysmature infants and 
the infants of mothers with complicated pregnancies may be associated 
with mental retardation and spasticity, so that even in these milder 
forms, a vigorous therapeutic attitude is required. There are no valid 
data to show what level of hypoglycemia can be tolerated by an infant, 
or how many episodes or episodes of what duration without danger of 
permanent damage, and this fact is basic to the aggressive attitude we 
take toward the problem. 

In neonates and infants under 6 months of age, the only safe atti- 
tude to take is that any episode of hypoglycemia is dangerous, that effec- 
tive therapy must be instituted at once, and that to be effective, therapy 
must prevent hypoglycemia as well as the recognizable clinical manifes- 
tations of hypoglycemia. If treatment is not promptly successful or if 
symptoms recur when treatment is withdrawn, operation upon the pan- 
creas should be undertaken. It is my contention that there is less hazard 
in this approach than in continuing high risk efforts at avoiding opera- 
tion with, for instance, high doses of steroids. Operative treatment is 
likely to find and cure most islet cell adenomas, and these have been 
reported even in the newborn infants. Subtotal or all but total pancrea- 
tectomy will relieve hypoglycemia in a substantial proportion of in- 
stances of agnogenic hyperinsulinism. Children operated upon at a few 
weeks of life and cured by all but total pancreatectomy for diffuse islet 
cell hyperplasia have turned out to have been already damaged by the 
prolonged and severe hypoglycemia during the unsuccessful attempts at 
nonoperative regulation.'! 

A review of the still riot large literature on agnogenic and leucine 
sensitivity hypoglycemia from the standpoint of the utility and timing of 
the 85 per cent pancreatectomy leads to the following observations: The 
operation is remarkably easy, the mortality and morbidity have been ex- 
tremely low, postoperative pancreatitis has rarely occurred, and, as we 
have indicated earlier, the spleen need not be sacrificed. With an 85 per 
cent pancreatectomy, diabetes occurs uncommonly. Of substantial sig- 
nificance is the fact that in nearly every series of children operated upon 
for these conditions, some children thought to have had idiopathic hypo- 
glycemia in fact proved to have islet cell adenomas. It is our view that di- 
agnostic tests are not as yet adequately specific to pinpoint the nature of a 
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given hypoglycemia. I have such respect for the high incidence of mental 
retardation, convulsive disorders, and spasticity in children who have a 
hypoglycemic disorder in infancy that I feel this grave penalty for the de- 
lay in cure warrants a surgical policy sufficiently vigorous so that some 
infants may be operated upon who might, in fact, not have required pan- 
createctomy for ultimate relief. 

Since these children will not be diabetic, since splenectomy is not 
required, since the risk of operation is not great, we urge operation on all 
otherwise normal infants whose hypoglycemia cannot be controlled by 
acceptable nonoperative measures, without repeated escape. We do not 
consider long-term steroid therapy an acceptable method of treatment 
as an alternative to operation, and if a steroid treatment-induced remis- 
sion is followed by relapse, operation should be undertaken promptly. 

The pancreatectomy which we perform is an 85 per cent to 90 per 
cent resection, leaving only a portion of the head. To do less is to invite 
failure of relief of the hypoglycemia. If hypoglycemia continues after 
such resection, total pancreatectomy is required and has been per- 
formed with good results although diabetes inevitably occurs. In the 85 
per cent pancreatectomy, blood sugar is high immediately after opera- 
tion and several doses of insulin may be required, but blood sugars are 
down to normal levels in 3 or 4 days. 


ISLET CELL TUMORS 


Not very long ago, islet cell tumors were thought to be rare in 
childhood and never found in the neonate. An increasing number of 
reports now have corrected this misconception.” * > Diagnosis in older 
children is made in the presence of profound starvation-induced hypo- 
glycemia and elevated serum insulin levels. The tumor may not only be 
diagnosed but localized by arteriographic demonstration but, thus far, 
not in an infant. 

Our preferred approach is through a transverse upper abdominal in- 
cision, gaining access to the pancreas through the gastrocolic omentum. 
As in adults, if the tumor has not been demonstrated arteriographically 
and is not grossly visible or palpable at operation, partial pancreatec- 
tomy is undertaken and a thin slice gross section performed by the 
pathologist in the operating room until the adenoma is found or an 85 
per cent pancreatectomy has been performed. Before such a “blind” 
resection is begun, both surfaces of the tail and body of the pancreas 
and as much of the head as possible are carefully viewed and palpated. 
While the adenomas are occasionally multiple, the cure rate will be high 
once a single adenoma is found and one should desist at that point, ex- 
tending the pancreatectomy in a second operation if symptoms persist 
or recur. 

The operation is well tolerated—in most series no deaths are re- 
ported, insulin is required only briefly and diabetes is not produced. 
Cyanosis, apneic spells, and convulsions have been recorded at 3 hours 
of life, at 2 hours with blood sugar or less than 19 mg per 100 ml, at 20 
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hours and on the second day with glucose levels of 5 mg per 100 ml. 
Tremulousness at birth with symptoms progressing to convulsions at 20 
hours and on the third day of life have also been reported. The Austra- 
lian report of operation performed on the nineteenth day of life’? proba- 
bly represents the earliest on record. 

One does not often think of carcinoma of the pancreas in infants 
and children and it is indeed rare. Something over 30 cases of malignant 
tumors of the pancreas in children may have been reported."’ 

Nonfunctioning malignant islet cell tumors are the single most 
common group of malignant tumors of the pancreas in children. A 
single such tumor produced hypoglycemia.’ The youngest patient re- 
ported to have had a carcinoma of the pancreas is a 3 month old infant,"* 
who presented with abdominal enlargement and a palpable mass. At 
laparotomy, he was found to have an enlarged liver with numerous me- 
tastatic nodules and autopsy disclosed tumor of the head and body of the 
pancreas. 

At least nine children have had radical pancreatectomies for 
cancer.!! The most common single presenting symptom has been an ab- 
dominal mass, with jaundice occurring in less than a third, bleeding ina 
few, and diarrhea in about a quarter of the patients. Abdominal pain was 
relatively uncommon. The diarrhea, which was common and was 
frequently troublesome, suggests the possibility that some of these were 
actually non-islet cell carcinomas of the Zollinger-Ellison type. 

Of the 9 pancreaticoduodenectomies which we have been able to 
find, Becker’s! patient was the youngest, operated upon at 15 months 
and surviving for 3 years, ultimately dying of recurrence. There would 
appear to have been a certain selectivity in case reporting since none of 
the patients reported died of the operation. No child with carcinoma of 
the pancreas has survived without pancreaticoduodenectomy and all of 
those reported were in good health at the time of the original report 
from a few months to 6 years after operation, and one 16 years after 
operation. 

Pancreaticoduodenectomy in children has been demonstrated not to 
result in any interference with growth or development. The indication is 
clear that an apparently malignant tumor of the pancreas in a child 
should be treated by radical resection with the exception that the mor- 
tality will be lower and the cure rate higher than with the oridinary 
adenocarcinoma of the pancreas in adults. 
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Hepatic Trauma in Adults 
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Trauma is endemic in the United States and in many other mo- 
torized and urbanized countries. In the 15 to 40 year age group of prom- 
ising and productive human beings, it is the leading cause of death. Fur- 
thermore, the economical drain imposed on the community by 
post-traumatic morbidity and the need for rehabilitation—in those who 
survive—is colossal. Until the recent, Aramco-sponsored speed limits, 
vehicular accidents were increasing each year, resulting in blunt inju- 
ries to the chest and abdomen. Penetrating injuries are still rising stead- 
ily, paralleling a general rise in the crime rate, mostly in our large met- 
ropolitan conglomerations. 

Of all blunt, abdominal injuries some 15 to 20 per cent involve the 
liver, the largest friable organ in the body.?’ Penetrating wounds of the 
abdomen result in injury to the liver more frequently (24 per cent) than 
to any other intra-abdominal organ, in spite of its protected location 
within the rib cage.” 

While the expertise to prevent death from accidents and to limit the 
physiologic impact of injury exists today, the ability to deliver all compo- 
nent parts of this expertise lacks in most communities. Until such time 
as specialized, nationally integrated two-way communication systems, 
mobile intensive care ambulances staffed by highly-trained technicians, 
and categorization and regionalization of hospital emergency depart- 
ments make possible a national assault on the epidemic of trauma, 
individual surgeons will be faced sporadically with the management of 
minor and major traumatic conditions. Among these, injuries to the 
liver may be the easiest or the most challenging problems any surgeon 
will ever have to face. 


TYPE AND EXTENT OF LIVER INJURIES 


The type and extent of a liver wound depends on the offending 
agent, as well as the anatomic area and force of penetration or impact at 
the time of injury. 


*Professor of Surgery, University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania 
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Penetrating wounds are due to stabbings or missiles. More serious 
and fortunately rare variations of these types are impalement on a 
pointed object such as a spiked fence and penetration by a blunt object 
such as shrapnel in wartime, heavy and sizable metal objects in indus- 
trial accidents2® and the entire bolus of a shotgun discharge at close 
range in hunting and accidents of brotherly love. 

In general, stab wounds are relatively clean, incised wounds of the 
liver parenchyma causing bleeding and bile leakage, but only minimal 
tissue damage. They may vary, however, from an icepick wound— not 
unlike a needle biopsy of the liver—to a complete transfixion of the 
organ by a long butcher knife. 

In missile wounds, especially those caused by high velocity pro- 
jectiles, the site of entrance and exit belie the potential severity of intra- 
hepatic vascular, bile duct, and especially parenchymal damage. Tissue 
destruction along the missile tract, although more limited, is similar to 
that obtained in liver lacerations caused by blunt injuries. In gunshot 
wounds, the severity of tissue destruction increases with the volume 
and velocity of the bullet. The liver may literally explode under the im- 
pact of large, blunt projectiles or of high-velocity bullets discharged at 
close range. 

Blunt injuries to the liver cause the most serious derangements of 
any hepatic wounds, all other criteria such as depth of penetration and 
anatomic location being equal. A fracture of liver capsule and paren- 
chyma, more often of the larger right lobe, extending irregularly into the 
lobe sometimes to the point of amputation, is the usual result of severe 
blunt trauma such as in steering wheel or abdominal seat belt (falsely 
applied) contusions. Blood vessels and bile ducts are lacerated along the 
irregular and fjord-like extensions of the laceration. Large masses of 
liver tissue are contused and necrose as a result of both the direct injury 
and the impaired blood supply. More rarely, the liver may “burst” cen- 
trally, leaving peripheral organ and capsule intact. The external appear- 
ance of the liver at the time of exploration may be very deceiving and 
the extent of damage is often appreciated only secondarily by the pa- 
tient’s poor clinical response, progressive jaundice, the severe derange- 
ment in enzymes and liver function tests, and the occurrence of a 
dreaded secondary complication such as hemobilia, deep or subcapsular 
infection or peripheral dissection of the hematoma with rupture of Glis- 
son’s capsule and secondary intraperitoneal hemorrhage. 

A primary subcapsular hematoma with a limited liver fracture 
below the intact capsule is rare in blunt trauma to the liver. The original 
episode may be trivial and go unnoticed,” as in the instance of a college 
coed who fell during graduation potato sac races and suffered a short 
moment of dizziness. Three months later shock, jaundice, and high 
fever developed and she complained of severe abdominal pain. Explora- 
tion showed a complete elevation of Glisson’s capsule by a liquid hema- 
toma and rupture of it over the left lobe. The original liver injury was 
not apparent. In general however, secondary ruptures of the capsule 
occur within 24 to 48 hours following injury.”4 

The extent of a given liver injury may be difficult to assess, since its 
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true limits are hidden in the depth and width of liver parenchyma, ob- 
scured by the presence of clotted blood. Anatomically, the liver cannot be 
inspected completely and the original limited exploratory incision may 
further contribute to this frustration. Finally, the attention of the surgi- 
cal team is often held by other equally serious problems within the ab- 
domen or across the diaphragm in the chest and mediastinum. Yet, the 
surgeon’s final decision is based on the clear-cut knowledge that the in- 
jury is limited to the periphery, extends into or arises originally from the 
central portions of the liver, or involves the hepatic hilus. A problem of 
special and critical importance is the identification of injuries to the 
hepatic veins in blunt trauma and to the inferior vena cava in penetrat- 
ing trauma. 


PREOPERATIVE MANAGEMENT 


Diagnosis and Operative Indications 


In fully one third of all patients admitted to a busy emergency 
department with penetrating or blunt abdominal trauma, urgent laparo- 
tomy is mandatory because of shock (not explained by extra-abdominal 
injuries), gastrointestinal bleeding (nasogastric tube, rectal digital ex- 
amination), free intraperitoneal air, hematuria, and evisceration. Be- 
cause of the location of a penetrating wound, or the location of pain, ten- 
derness and guarding in the right upper quadrant in blunt injuries, 
involvement of the liver is strongly suspected preoperatively. 

In the less critically ill patients, the preoperative approach can be 
one of deliberate haste. The mere presence of a penetrating wound is 
not an absolute indication for exploration. Intraperitoneal involvement 
is determined by sinograms of the wound or by findings of pain, loca- 
lized or generalized tenderness, rebound tenderness, guarding and ab- 
sent or diminishing bowel sounds. These same findings are those used 
in the examination and evaluation of the abdomen in blunt trauma. 
Repeated examinations by the same surgeon are of the utmost impor- 
tance in equivocal cases. Again, the suspicion of liver injury is based 
upon the localization of penetration and/or clinical findings. 

In these patients, the initial hematocrit is helpful only as a baseline. 
If time permits, the serial documentation of a falling hematocrit (within 
12 to 2 hours after injury) will point to active intra-abdominal bleeding in 
the absence of any other known source of hemorrhage. Enzymes and 
liver function tests are useful only in the neglected or misdiagnosed 
liver injury at a time of progessive parenchymal damage or post-trauma- 
tic complication. 

Abdominal paracentesis is most helpful in the detection of hemo- 
peritoneum, such as a liver injury may produce. We find it very useful in 
the patient with minimal, equivocal physical findings and where as- 
sociated head trauma or lower rib cage contusion makes interpretation of 
the abdominal findings difficult. In most instances, however, paracen- 
tesis and lavage will confirm the presence of rather convincing clinical 
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signs or support continued observation in the absence of clinical signs 
of serious injury. A No. 16 Intracath needle is inserted into the center of 
one or all four quadrants, beginning with the one where clinical signs 
are most intense. When a “give” is felt, the needle has entered the peri- 
toneal cavity and the plastic catheter is advanced.** If it moves freely, 
this is one further sign of penetration into the open peritoneal cavity 
and the needle is withdrawn. Blood or bile may then return spontane- 
ously or be aspirated. If this positive result is obtained, the procedure is 
terminated. If none of the four quadrant taps is positive, the catheters 
are left in place for continued monitoring. Irrigation of the abdomen 
with 1000 cc of Ringer’s lactate and aspiration of the fluid is used in pa- 
tients with negative paracentesis.*” 4748 This procedure may be re- 
peated. Caution should be exercised in the patient who has undergone 
previous abdominal operation. The accidental penetration of a viscus, 
however, has had no serious consequences. Paracentesis should be per- 
formed only after radiographic examination of the chest and abdomen. 
We have explored two patients with the ‘‘“mandatory” indication of free 
peritoneal air, in whom the air was introduced by precipitous paracen- 
tesis. 

Sinograms, mostly of stab wounds of the abdomen, are performed 
by cleaning and draping the wound of entrance. Under local anesthesia 
a purse-string suture of 2-0 silk is placed around the wound. A No. 12 or 
14 French rubber catheter is then advanced into the wound and the 
purse-string is tightened. An Intracath is used at times for small stiletto 
wounds. Sixty to 80 cc of Hypaque 50 per cent, containing 1 cc of 
Methylene Blue, are injected under pressure into the catheter; the quan- 
tity should be sufficient to produce a slight bulge cf the skin surround- 
ing the wound. The Methylene Blue is added to detect leakage to the 
outside. After injection, the catheter is clamped and the patient is tilted 
on the x-ray table from side to side and up and down. Films are taken in 
the anteroposterior and lateral and oblique positions. Scout films should 
be taken prior to the Hypaque injection. By using this technique, the 
rate of unnecessary abdominal explorations is reduced from some 50 per 
cent to 15.9 per cent.* Patients that do not have intraperitoneal penetra- 
tion are sent home after 24 hours of in-hospital observation. 

We have also used the selective, clinical approach of Shaftan: 
quadrant or generalized pain and tenderness, rebound tenderness, 
guarding, and absent or diminishing bowel sounds.” By basing the in- 
dications for laparotomy on these clinical findings in those patients that 
do not have mandatory signs for exploration, the percentage of unneces- 
sary laparotomies in the hands of experienced observers is even lower, 
some 7.3 per cent.*? A somewhat longer observation period from 48 to 72 
hours is required, after initial negative clinical findings have been con- 
firmed by repeated examinations. 

Angiography is rarely indicated during the early, acute phase of 
trauma because a diagnosis should be established in the vast majority of 
patients by piecing together the total clinical picture. Furthermore, it 
should be stated that in trauma, as in so many other disease condi- 
tions, it has become too easy to dream up and perform yet another 


Figure 1. Celiac and left renal arteriograms on 59 year old patient involved in head-on 
collision. There were fractures of the left scapula and left ribs 2-7, left pneumothorax and 
hematuria. I.V.P. showed good function bilaterally with extravasation on the left. Because of 
left upper quadrant tenderness and a suspected rupture of the spleen in a patient with much 
left lower rib cage symptoms, a celiac arteriogram was done. Extravasation of contrast mate- 
rial within the parenchyma of the liver seen at the level of the second lumbar vertebra was a 
completely unexpected finding. A normal spleen was found. The rupture of the lower pole of 
the kidney was confirmed. During all of this the patient’s condition remained quite stable, 
the hematuria stopped, his blood pressure did not rise and repeat I.V.P. showed good func- 
tion bilaterally without extravasation. (Arteriogram by Dr. M. Boehnke.) 
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paraclinical examination, when speedy treatment based on a rational 
analysis of all the clinical findings is usually in the best interest of the 
patient and of medical economics. This does not detract from the fact 
that arteriography is helpful in patients that are stable and are sus- 
pected to have a liver injury,!:?** obscured perhaps by head trauma or 
by a central location of the liver laceration. In such patients it will also 
be possible to examine by aortography"™ hidden lacerations of the spleen, 
kidneys, and mesentery (Fig. 1). Selective arteriography on the other 
hand is the best single diagnostic tool in the chronic phase of liver trauma 
when hemobilia, subcapsular hematoma, and intrahepatic abscess are 
suspected. 8 

Liver scan is not a useful diagnostic modality in acute liver trauma, 
because of the time involved and the unreliable results obtained with 
liver scan in general.47 However, Richie and Fonkelsrud have used this 
technique in four patients with subcapsular hematoma for diagnosis 
and nonoperative follow up.** Serial scans are interesting in patients 
with hepatic resection to document liver regeneration. 


Preoperative Therapy and Monitoring 


Patients that are unresponsive and in deep clinical shock on arrival 
to the emergency department, with a serious liver injury, often asso- 
ciated with other life-threatening insults, have a grave but by no means 
hopeless prognosis. A valiant attempt at respiratory and cardiac resusci- 
tation should always be made and the need for early transfer to the 
operating room should be recognized promptly. Emergency operation 
with hemostasis may be the most essential part of the treatment of 
hemorrhagic shock.* 1%: 6 44: 47 

In all patients with suspected liver trauma a large bore intravenous 
portal is established in an upper extremity, preferably via the subclavian 
vein. Blood is drawn for type and crossmatch as well as baseline hema- 
tocrit, and volume is restored by the administration of Ringer’s lactate 
or normal saline. In patients with threatening vital signs the efficacy of 
volume replacement is monitored by central venous pressure and by 
urinary output and specific gravity after introduction of a Foley cath- 
eter. Blood, if needed, is administered as soon as it becomes available. 
All indicated drugs are administered intravenously (preferably not via 
the CVP line). Hepatotoxic drugs should be avoided. Broad spectrum an- 
tibiotics are commenced at this stage and should be continued intra- and 
postoperatively. A naso-gastric tube is passed, in unconscious patients 
only after the trachea has been shielded by a cuffed intratracheal tube. 
Serial hematocrits and paraclinical examinations, as described in the 
section on diagnosis, are performed only if the added information does 
not endanger the patient’s survival and can be expected to help signifi- 
cantly in the decision making. Most of these steps are best carried out in 
an operating room where all the necessary equipment and manpower are 
available away from the distraction of a busy emergency room. In addi- 
tion, operation can be started while volume replacement is in progress.* 


13, 26, 44 


If major hepatic trauma is suspected, hypothermia should be ini- 
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tiated and continued intraoperatively with the goal of lowering the body 
temperature to 30 to 32°C. Since temporary occlusion of the hepatic 
vascular inflow is often required in the control of major liver injuries, 
inflow occlusion under hypothermia can be extended to 1 hour without 
risk of anoxia and further liver damage.® !! 


INTRAOPERATIVE CONDUCT 
Incision and Exploration 


For suspected liver trauma, the incision should be in the upper 
midline. The entire thorax should also be prepared so that the incision 
can be extended into the seventh or eighth intercostal space to the right 
or in a straight line upward through the sternum. The incision should 
not be carried through an existing penetrating wound because of the 
high incidence of severe wound infections in such instances. If it is not 
possible to avoid a penetrating wound, the latter should be excised first 
and instruments and gloves should be changed prior to proceeding with 
the midline incision. While we have used the right intercostal extension 
in the past, we now do favor the vertical extension sternotomy because 
it gives excellent access to the inferior vena cava, hepatic veins, and 
heart, and avoids section of the muscular diaphragm and entrance into 
the pleural cavity (Fig. 2).*! 

Upon entering the abdomen, all possible injuries should be mentally 
recorded at a quick glance and priorities in their operative management 
should be established. Active hemorrhage takes precedence over leak- 
age from perforated viscera. 

Obvious parenchymal and hilar injuries are inspected and the liver 
and surrounding structures are gently palpated about the injury. Hidden 
or suspected injuries may require division of the ligamentum teres, the 
falsiform, and/or both triangular ligaments. Exploration of the upper ab- 
domen is greatly facilitated by a self-retaining retractor fixed to the 
operating table.* In posterior and apical wounds the surgeon’s eyes are 
carried on his gently probing fingertips. Absolute insistence on seeing 
these wounds by pulling and turning the liver may result in the disloca- 
tion of a hematoma that has so far— precariously —tamponaded a lacera- 
tion of the inferior vena cava or a hepatic vein, before steps for control 
of such a serious injury can be undertaken. In terminating his evalua- 
tion, the surgeon should have clear impressions as to the extent of liver 
injury: peripheral, central, hilar, subcapsular hematoma with underly- 
ing parenchymal tear, hidden intraparenchymal “burst” (the most dif- 
ficult to diagnose). He should be certain that the inferior vena cava and 
hepatic veins are or are not involved. He should have evaluated the ac- 
cumulated and ongoing blood loss and he should formulate a plan for a 
successful surgical approach to all of the problems at hand. 


*Rochard Retractor, Ulrich, St. Gallen, Switzerland 
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Laparo - Sternotomy for 


Hepatic Lobectomy 


Figure 2. Mediastinotomy extension of upper midline abdominal incision?! The wide 
retraction obtained by this combined incision permits easy access to the lower inferior vena 
cava and the structures of the porta hepatis. The diaphragm is incised in the midline. It is 
more tendinous in this area and the anteroposterior distance is much shorter than for any 
other incision of the diaphragm. The hepatic veins can be exposed without having to pull 
down the liver and the liver is much more easily mobilized through this incision. The upper 
inferior vena cava can be approached and isolated by opening the pericardium. If an inferior 
vena cava bypass shunt is required, the mediastinotomy will give easy access to the atrial ap- 
pendage. (By permission of Contemporary Surgery, McGraw-Hill, New York.) 


SURGICAL TECHNIQUES 


By the time operation is undertaken, bleeding from most parenchy- 
mal lacerations has either ceased or can be controlled by local compres- 
sion with Mikulicz pads and aspiration.* !?:47 Clots are evacuated by 
hand and oozing of fresh blood is aspirated. The treatment of pure 
parenchymal and hilar lesions depends on the extent of injury. 


Conservative and Reconstructive Techniques 


Superficial peripheral lacerations, usually due to stab wounds and 
grazing gunshot wounds, are best treated with drainage. No sutures are 
taken if there is no bleeding.”° 

Deep peripheral lacerations are managed by horizontal mattress 
sutures after all identifiable bleeding points have been ligated. Great 
care is taken to avoid any dead space in the depth of the wound. If 


HEPATIC TRAUMA IN ADULTS 395 


bolsters are used in order to avoid cutting of the sutures into the liver 
parenchyma, these bolsters should be small pieces of muscle or greater 
omentum. Gelfoam is a poor material for this since it softens with 
resulting loosening of the sutures. 

Through-and-through wounds of the liver parenchyma, usually due 
to missiles but also at times to forceful stab wounds with a long knife, 
represent a special problem in detection, anatomic approach, and surgi- 
cal management. Very often the wound of entrance or exit is situated 
posteriorly, superiorly, or in the bare area of the liver. After both wounds 
have been exposed, blood and bile continues to exude from them at a 
slow but steady rate. A direct approach to such injuries for debridement 
and hemostasis is obviously impractical. In this situation we have found 
suction catheters, introduced through the wound of exit and entrance, 
of great help.” * Suction is applied on the operating table and if the ooz- 
ing of blood and bile from the wounds stops and the aspiration of blood 
and bile through the catheters is nothing more than a small trickle, then 
no further operative treatment is instituted. Suction is continued in the 
postoperative phase until all secretions have stopped and the catheters 
are then slowly removed. If, however, during the operation suction 
produces a steady flow of blood, then a large intrahepatic cavity is 
suspected and is localized by the injection of contrast material through 
the catheters, and radiographic studies. The cavity is then opened, 
debridement and hemostasis are performed, or excision of compromised 
liver is undertaken. Injuries limited to the gallbladder are most often 
due to penetrating agents and are treated by simple cholecystectomy. 

Injuries to the liver hilus are also due most frequently to penetrat- 
ing wounds and are relatively easy to diagnose at operation. If the hilar 
structures are torn by blunt injury, the picture is often one of a compli- 
cated upper abdominal catastrophe involving the duodenum and the 
head of the pancreas. In injuries to the extrahepatic bile ducts from 
blunt trauma, without vascular, duodenal and pancreatic involvement, 
the diagnosis at operation was missed in 5 of 6 cases and the clinical 
picture was unclear in another group of patients where definitive opera- 
tion was delayed for an average of 3 weeks.” 

Injuries to the liver hilus may involve the extrahepatic bile ducts, 
the arterial tree or the portal system, individually or in various combina- 
tions. Ideally, anatomic reconstruction should be attempted. In the case 
of arterial or portal injury, the reconstruction is done with inflow 
occlusion and under the protection of hypothermia. If there is loss of tis- 
sue and the vessel ends cannot be approximated after whatever prox- 
imal and distal liberation is feasible, then a Kocher maneuver of the 
duodenum will provide for minimal added length and will lessen ten- 
sion on the anastomosis. If the vessel ends still cannot be approximated 
safely, a vein graft should be used. 

Ligation of the portal vein is compatible with survival, and ligation 
of the hepatic artery, especially proximal to the gastroduodenal artery, 
may produce only focal hepatic necrosis or may have no serious con- 
sequences at all, depending on the collateral hepatic blood supply. Inter- 
ruption of both the arterial and portal flow is incompatible with life. In 
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Figure 3. A, Superficial peripheral lacerations, usually due to stab wounds, are best 
drained only. No sutures are taken if there is no bleeding. 

B, Deep peripheral lacerations are closed by horizontal mattress sutures after all iden- 
tifiable bleeding points have been ligated. Great care is taken to avoid any dead space in the 
depth of the wound. Drains are introduced alongside the wound closure. If the depth of the 
wound cannot be completely closed with mattress sutures, then drains are introduced into 
the wound and the sutures are tied over these drains. 

C, Through-and-through-wounds of the liver parenchyma, usually caused by missiles, 
are treated by the introduction of suction catheters through the wound of exit and the wound 
of entrance. Suction is applied on the operating table and if the oozing of blood and bile from 
the wounds stops and the aspiration of blood and bile through the catheters is negligible, 
then no further operative treatment is instituted. Suction is continued in the postoperative 
phase until all secretions have stopped and the catheters are then slowly removed. 

D and E, Indeep central fractures from blunt trauma, part of a lobe is often incompletely 
amputated. This amputation is surgically completed by severing the small bridge of liver tis- 
sue connecting the damaged liver to the healthy body of liver. In this illustration the finger 
fracture technique of the hepatic tissue to be removed is demonstrated. All of the devitalized 
tissue is thus removed. Vessels and bile ducts are carefully sutured. Since the suturing, 
especially of bile ducts, can never be entirely complete the raw surface of the liver is 
carefully drained. Two of three such drains used routinely are shown in this illustration. The 
third drain is introduced along the anterior border of the liver resection. 
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clean, sharp lacerations of the common or hepatic bile ducts, primary 
reconstruction with 5-O Dexon and without intraluminal stent is the 
method of choice. 

The area of repair is drained. If there is loss of tissue, such as in 
gunshot wounds, the irregular ends of the duct(s) should be refreshened 
and a primary anastomosis over a stent attempted. An intraluminal stent 
is employed in these cases since the anastomotic edges are most precari- 
ous and since more fibrous circumferential scarring will occur. Suf- 
ficient duct length for tension-free anastomosis can always be obtained 
by liberating the distal duct and the duodenum through a Kocher ma- 
neuver. 

Primary choledocho-Roux-en-Y jejunostomy is only indicated in lac- 
erations caused by blunt injury where much damage has been inflicted 
to the duodenum and pancreas and where pancreatoduodenectomy rep- 
resents the safest method of debridement and hemostasis. It is also 
preferred in those patients in whom the need for operation was not 
recognized at the time of the original blunt injury and a delayed opera- 
tion uncovers much tissue loss.* 

It has been stated that blood supply to and biliary drainage from at 
least one lobe of the liver is mandatory for survival. This implies that 
the lobe which is not supplied with vessels and bile duct must and can 
be resected, if a serious attempt at repair is not successful. 


Excisional Techniques 


In deep central fractures from blunt trauma part of a lobe is often 
incompletely amputated, with only a small bridge of liver tissue con- 
necting the irreparably damaged tissue to the healthy body of liver. In 
such cases, the accidental amputation is completed by finger fracture of 
the connecting bridge. Since all such liver wounds have fjord-like ex- 
tensions into the remaining body of liver parenchyma, all the question- 
ably viable tissue is removed. Careful hemostasis is performed by suture 
ligatures or hemoclips (Fig. 3 D and E). 

In extensive stellate central fractures, all or most of one lobe may 
be involved. In order to fully satisfy all the principles of wound debride- 
ment and hemostasis, a formal anatomic lobectomy represents the most 
expedient and safest solution to this formidable problem.” * 1° 1% 18-21) 27, 
29, 33,47 (Figs. 4 and 5). For a right lobectomy, the incision should be ex- 
tended into the seventh or eighth intercostal space or preferably upward 
via median sternotomy. 

The right lobe is composed of an anterior and posterior segment, the 
left lobe has a medial and lateral segment. The division between the 
right and left lobes follows a plane extending from the fossa of the 
gallbladder anteriorly to the inferior vena cava posteriorly. On the right 
side stellate lacerations may extend beyond the anatomic confines of the 
right lobe and an extended right lobectomy is then indicated, taking 
with the resected specimen part of the medial segment of the left lobe. 
On the left side stellate lacerations are often confined to the lateral seg- 
ment.2* Intimate knowledge of hepatic anatomy is a prerequisite to suc- 
cessful hepatic lobectomy and for this the reader is referred to the ana- 


Figure 4. Right hepatic lobectomy and extended lobectomy. A, After identifying the 
structures of the porta hepatis, the cystic duct, the right hepatic duct and the right hepatic 
artery have been severed between ligatures. The right branch of the portal vein is being 
transsected between two ligatures. In an extended right lobectomy the middle hepatic artery 
would also be severed between ligatures if it does come off the left hepatic artery, as is the 
case in this illustration. 

B, After all the right-sided structures of the porta hepatis have been controlled, the right 
lobe of the liver is rotated anteriorly and to the left. The retrohepatic portion of the inferior 
vena cava is then approached and liberated. The small veins entering from the right lobe are 
severed between ligatures. The large most superior right hepatic vein is identified from the 
middle and left veins and is then transsected between ties. In an extended right lobectomy, 
the middle hepatic vein is also included in this dissection. 

C, The right lobe is now removed. For a simple right lobectomy the division of liver 
parenchyma runs along a plane extending from the fossa of the gallbladder anteriorly to the 
inferior vena cava posteriorly. : 

For an extended right lobectomy the line of transsection of the liver tissue runs in the 
plane of the left sagittal fissure parallel to the falciform ligament as is illustrated in this 
drawing. Prior to incising the liver capsule a row of interlocking sutures is helpful in avoid- 
ing blood loss. However, this row of sutures is not a must since it does somewhat increase 
liver necrosis at the cut edge. 

Dissection of liver tissue by the blunt end of a knife handle is demonstrated here.!® 1% 35 
The vascular structures and bile ducts resist the gentle pressure of the dissecting knife 
handle and are suture ligated. 

D, In a simple right lobectomy the raw surface of the liver is left open, after careful 
hemostasis, closure of bile ducts and drainage, as illustrated in Figure 3E. 

In extended right hepatic lobectomy the only remaining tissue is represented by the lat- 
eral segment of the left lobe. The anteroposterior diameter is small at this level and hence it 
is possible to approximate the anterior and posterior margins of the cut surface and to bring 
the falciform ligament over this suture line.'* If the closure of the raw surface is possible 
without too much tension—so as to avoid necrosis of the liver edges—then two drains are 
used alongside the closed resection area as illustrated here. A chest drain is also required if a 
right lateral extension of the primary midline incision was used. 
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Figure 5. Lateral segmentectomy, left lobe. A, In order to mobilize the lateral segment 
of the left lobe and allow for an easier approach to the structures of the porta hepatis, the 
ligamentum teres has been severed between ties and the left lateral and left coronary liga- 
ments have been divided. The structures of the left side of the porta hepatis are identified. 
The left branch of the portal vein, often the easiest structure to handle first from a left-sided 
approach, is severed between two ligatures. 

B, The left hepatic artery and duct are identified next and are transsected between liga- 
tures. The middle hepatic artery arising either from the left or right branch of the common 
hepatic artery is carefully respected, since it supplies blood to the middle segment of the 
left lobe. 

The liver is relatively thin at the line of proposed transsection and hence control of bleed- 
ing with interlocking sutures is easily obtained. However, such sutures, if they are too tight, 
do produce necrosis and individual suture ligation of all vessels and bile ducts may be prefer- 
able. Both techniques are demonstrated in this drawing. 

At the apex of the line of transsection the left hepatic vein is dissected with great care, 
so as not to injure the right or middle hepatic veins. After positive identification of the left 
hepatic vein it is severed between ligatures. 

C, The management of the raw surface of the liver is a matter of personal preference. 
The approach such as it is shown in Figure 3E may be used. On the other hand since the 
liver is relatively thin at this level, the raw surface may be closed by approximating its an- 
terior and posterior margins and by pulling the falciform ligament over this closure.’ D, If the 
line of liver resection has been closed primarily only two drains are placed —one posterior and 


one anterior to the cut surface. 
roeray at 
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tomic studies of Healey,'® Goldsmith and Woodburne,’ and Donovan, 
Turrill, and Facey.!'! Consultation of an up-to-date anatomic atlas in the 
operating room, in the unexpected event of hepatic lobectomy, is not a 
sign of mental weakness but proof of superior wisdom. 

The individual steps in hepatic lobectomy are illustrated in Figures 4 
and 5 and are described in the corresponding legends. This description 
is not repeated in this text, since the number of pages devoted to sucha 
description together with the necessary volume of illustrative material 
seems to confer a special importance to hepatic lobectomy and often 
conveys to the casual or younger reader the impression that anatomic 
lobectomy should be applied somewhat indiscriminately to most or all 
serious lacerations of the liver. Nothing could be farther from reality. 
18, 25, 27. 29.32 D]anned anatomic lobectomy has its clear indications limited 
essentially to complete destruction of a lobe; but by far, the vast major- 
ity of liver injuries can be safely managed by one of the lesser tech- 
niques shown in Figure 3. 

Recently, Tien-Yu Lin®® has presented a new method for rapid major 
liver resections. In this technique he uses specially designed clamps, 
after the ligaments of the affected lobe have been divided and the liver 
has been freed from the diaphragm. A soft-bladed clamp with metal 
teeth on one blade gently compresses the healthy liver parenchyma to 
prevent leakage of bile and blood, while a sturdily-built crush clamp is 
used to transect the liver parenchyma at the elected site of resection. 
Prior to application of the crush clamp the liver capsule is incised at the 
site selected for the parenchymal crush. The cystic duct and artery are 
also divided in right lobectomies. However, the hepatic artery, portal 
vein, hepatic duct and hepatic vein(s) involved in the resection are 
ligated and severed only after the crush has been performed. On release 
of the crush clamp, the vascular and ductal structures stand out as whi- 
tish cords in the depth of the resection site. In 5 hepatic resections done 
for primary liver cell carcinoma, Lin used an average of 200 ml of blood 
in each case and his operation time averaged 1.5 hours. While at first 
glance this technique seems to be rather coarse, it probably does not 
create any more liver necrosis than the tedious parenchymal finger frac- 
ture method. It has the advantage of minimal transfusion needs, speed, 
apparent safety, and great ease of application, and may well become the 
technique of choice in major hepatic resections for trauma, especially in 
the hands of the occasional liver surgeon. 


Special Situations 


Ina subcapsular hematoma it is difficult to evaluate the extent of 
the underlying parenchymal damage without opening the hematoma.”4 
If the hematoma is left intact, postoperative rupture of the capsule and 
secondary hemorrhage may occur. Therefore, all such hematomata 
should be opened, the extent of the underlying damage evaluated, and 
the surgical technique best suited to manage a given lesion used.* 47 
This opinion is not shared by all authors. Richie and Fonkelsrud have 
followed 4 patients with subcapsular hematomas and the reabsorption 
of the hematomas was documented by serial scans. These patients 
were stable and did not require operation.*® 


HEPATIC TRAUMA IN ADULTS 401 


Deep “bursting” lacerations of the liver with an intact and normal 
appearing hepatic crust are very difficult to diagnose intraoperatively. 
Very often the increased volume of a lobe and the tenseness of the cap- 
sule will lead the suspicious surgeon to an exploratory needle aspiration 
of blood and bile followed by an x-ray contrast study through the same 
needle. If a central cavity is thus confirmed, it should be entered and the 
damage evaluated under direct vision. Most often a partial lobectomy or 
a formal lobectomy is indicated. Great help can be obtained intraopera- 
tively from cholangiography and angiography,’ |! both in the diagnosis 
of occult lesions and in the control of surgical reconstruction. Ideally, 
both techniques should be available. Cholangiography alone may be an 
acceptable compromise, and no hospital should be without it for 
emergency as well as elective hepato-biliary operations. 


Control of Threatening Exsanguination 


Major hemorrhage may occur from lacerations of the hepatic ar- 
teryGies) and portal vein; deep stellate liver lacerations; wounds of the 
inferior vena cava and wounds or avulsions of the hepatic veins. In pa- 
tients with such serious lesions the surgeon is often greeted by 
blood—both liquid and clotted—upon opening the abdomen. As he 
strives to gain control of the situation an announcement is made from 
the head of the table that the patient’s vital signs are deteriorating. 
Under these circumstances all intra-abdominal manipulations should be 
abandoned temporarily and the abdominal aorta compressed against 
the spine directly below the diaphragm by the surgeon’s fist or a sponge 
stick. The patient is put in moderate Trendelenburg position, volume is 
replaced at an accelerated rate and the surgical assistant removes clot- 
ted blood and aspirates liquid blood and bowel contents, taking care not 
to displace intraabdominal organs. As the patient’s condition improves, a 
more thorough peritoneal toilet and examination of the injuries at hand 
can be undertaken. 

Based on the findings, plans are made to proceed with the operation 
through the present incision or to enlarge it, to call for vascular in- 
struments and sutures, to prepare an intravascular bypass tube, and to 
accelerate hypothermia by placing ice-filled plastic bags against the ex- 
tremities and the head and neck. Depending upon the level of improve- 
ment, the surgeon may continue to compress the aorta or to release it 
slowly, while the blood pressure and pulse are monitored continuously. 
The total time of compression should not exceed 15 minutes. Aortic 
compression may be resumed after a few minutes of distal perfusion if 
the abdominal bleeding is not under complete control. 

Finger compression of the hepatoduodenal ligament as described by 
Pringle* is indicated in the evaluation and initial management of bleed- 
ing from the hepatic vessels and from the depth of a central liver frac- 
ture. In most liver lacerations, even the very extensive ones, active 
bleeding has usually stopped and a slow ooze persists once all clots and 
accumulated liquid blood have been evacuated. Continued hilar com- 
pression is therefore rarely necessary during the entire duration of oper- 
ative control of bleeding from parenchymal lacerations. However, if 
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dark blood continues to well up from the depth of a liver wound, after 
successful compression of the hepatoduodenal ligament, an inferior 
vena cava or hepatic vein laceration should be strongly suspected.” *% 47 
If the blood is bright, significant collateral arterial circulation is the more 
likely cause. Finger compression should be replaced by an atraumatic 
clamp in order to free both hands. Rubber-shod clamps are usually too 
bulky in this area and have a tendency to slip, and linen shod or vascular 
clamps are preferred. For parenchymal laceration an expeditious hilar 
dissection is then indicated, the blood supply to the involved lobe is 
occluded, the linen-shod clamp is removed and perfusion of the healthy 
liver is thus resumed. In injuries to the hepatic artery(ies) and/or portal 
vein the linen-shod clamp is replaced by vascular clamps as soon as both 
ends of the vessel have been liberated. 

For the management of inferior vena cava and hepatic vein injuries 
the placement of an internal shunt as recommended by Schrock and as- 
sociates gives the best chance of success.*® This shunt may be placed 
from below through the opened suprarenal portion of the inferior vena 
cava®*4 or from above through the right atrial appendage.*® Positioning 
of this shunt will require occlusion of the vena cava around the shunt 
by umbilical tapes both below and above the liver. Superiorly, this is 
best achieved by isolating the inferior vena cava within the pericar- 
dium, following a lateral or mediastinal extension of the original mid- 
line incision. Temporary occlusion of the liver hilus by a bulidog clamp 
is also required in order to interrupt all blood flow to and from the hepa- 
tic veins.** Mays has described a nice catheter in which a long cylindri- 
cal balloon isolates the entire retrohepatic inferior vena cava, obviating 
the need for encircling tapes.2* 6 (Fig. 6). Since all this is more easily said 
than done, freedom of action for the positioning of the shunt may be 
achieved by compressing the aorta temporarily below the diaphragm, 
occluding the inferior vena cava below and above the liver and com- 
pressing the porta hepatis with a soft or vascular clamp.’ ” 

Other maneuvers such as complete occlusion of the suprarenal infe- 
rior vena cava only,”’ “quick” exposure of the retrohepatic inferior vena 
cava or of the inferior vena cava-hepatic vein junction, and precise 
applications of vascular clamps in a field of clots and fresh blood are 
usually doomed to failure. Once the site of bleeding has been exposed, if 
a hepatic vein is involved, repair or ligation should be expeditious to per- 
mit relief of the hepatic hilar compression as soon as possible. 


Drainage 


All hepatic wounds should be drained, even superficial ones that are 
completely dry at the time of exploration.”* For superficial wounds soft 
Penrose drains are best. Straight or sump aspiration drains are used in 
all other situations in order to evacuate blood and bile as fast and as 
completely as possible. Since drains are easily displaced inside the body 
once the abdomen is closed, they should be anchored in the desired posi- 
tion with sutures of 5-0 catgut taken in minimal bites of fat, peri- 
toneum, liver capsule, or diaphragm. After partial or complete lobec- 
tomy a minimum of three drains is used: one posteriorly; one along the 
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Figure 6. Inferior vena cava bypass shunt as proposed by Schrock*®® and Mays. 2* The 
shunt is placed through the right atrial appendage and is passed beyond the level of the renal 
veins. Tapes are placed around the vena cava above and below the liver, allowing flow from 
the distal vena cava and the renal veins into the atrium. Side holes located in the atrium 
allow for blood flow from the tube. In order to interrupt flow from the hepatic veins, the hilar 
vessels are occluded temporarily. The atrial end of the bypass, brought out through the atrio- 
tomy, may be clamped or may be used for the infusion of fluids and blood. 

If time does not allow for a mediastinotomy, the inferior vena cava bypass shunt may be 
introduced through an incision in the infrahepatic portion of the inferior vena cava. In this 
case the superior end of the tube is gently pushed into the atrium and comes to rest there 
after some resistance has been encountered to further progression of the tube. The lower end 
of the tube has to be pushed downwards through the vena cava incision to the level of the renal 
veins. In this approach the inferior vena cava is snared around the bypass shunt below the 
phlebotomy used for introduction of the tube. A circumferential snare of the vena cava above 
the liver is also necessary. Pringle’s maneuver is used to interrupt hepatic venous flow. Mays 
has proposed the usage of a catheter introduced through the atrial appendage. A long 
cylindrical balloon that comes to rest in the retrohepatic portion of the inferior vena cava 
isolates this entire area when it is inflated. This obviates the need for encircling tapes. (By 
permission of Contemporary Surgery, McGraw-Hill, New York.) 


raw liver surface; one anteriorly. Since most patients will hopefully sit 
up and ultimately walk after operation, it should be realized that what 
seems to be the most dependent exit through the abdominal wall with 
the patient on the operating table is not necessarily the most dependent 
position with the patient standing or sitting. In view of the very ques- 
tionable benefits obtained from and the possible harm done by intra- 
luminal drainage of an intact common duct, we do not subscribe to T-tube 
drainage as advocated by Merendino.”” ?* °° 

Postoperatively, the management of drains depends on the condi- 
tion for which they are used. Penrose drains are twisted as soon as all 
drainage has stopped and are then removed progressively over a period 
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of 2 days if drainage does not recur and the patient is afebrile. If there 
was never drainage, the total period of twisting and removal extends 
from 3 to 5 days postoperatively. Drains introduced into the liver or 
along its raw surface after lobectomy are left in place until all drainage 
has stopped or has diminished to a trickle. The drain is then twisted and 
if no further drainage occurs and the patient remains afebrile, the drain 
is anchored above skin level with a safety pin and removed progres- 
sively over a 2-day period. Drains that are dry should be removed within 
48 hours since they act as a wick for the entry of bacteria. If a drain con- 
tinues to produce appreciable amounts of bile over a prolonged period of 
time or if the patient continues to be febrile and pus is aspirated, then a 
study with contrast material through the tube is indicated as soon as the 
drainage tract has matured (usually after 10 days). A parenchymal 
biliary fistula or an incompletely drained cavity requiring reoperation 
may thus be identified. 


POSTOPERATIVE CARE 


Broad-spectrum antibiotics started preoperatively or intraopera- 
tively should be continued in the postoperative period.* !! All drainage is 
cultured and if organisms are grown, prolonged antibiotic coverage is 
based on the sensitivity studies obtained. 

Metabolic deficiencies that are particular to large hepatic resections 
have been described by McDermott.” ?’ They include hypoglycemia par- 
ticularly in the first 48 hours, hypoalbuminemia, and bleeding diathesis. 
Hypoglycemia should be treated with infusions containing 10 per cent 
glucose, in the first 72 hours. Hypoalbuminemia is best treated by con- 
centrated salt-poor albumin. Bleeding may be due to decreasing levels 
of prothrombin or fibrinogen; more often it is due to the administration 
of large quantities of stored blood. Vitamin K and fibrinogen should be 
administered if they are found to be deficient. Thrombocytopenia is 
treated by the administration of platelet concentrates or of very fresh 
whole blood. More complicated coagulopathies such as low levels of fac- 
tor VII and intravascular coagulation are best handled in consultation 
with a hematologist. 

Careful debridement, compulsive hemostasis, meticulous suturing 
of injured ducts, proper drainage of hepatic wounds, and religious avoid- 
ance of tamponade by packs should lead to a smooth postoperative 
course, free of lingering or overt infections, secondary hemorrhage, 
biliary fistulas and hemobilia. Alas, reality is far from this ideal situa- 
tion, even for the most careful surgeons. Intrahepatic or perihepatic in- 
fection, once recognized, is localized by needle aspiration, contrast in- 
jections of sinus tracts, and possibly arteriography. The problem is 
essentially one of subphrenic sepsis and should be handied by drainage 
and adequate antibiotics.’ 

Secondary hemorrhage after the first postoperative week is due to 
sepsis and necrosis of devitalized liver tissue. Unless it is massive and 
persistent, nonoperative therapy and blood transfusions are indicated. Ar- 
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teriography may be helpful in localizing massive bleeding. Reoperation 
is most difficult. Three approaches are possible: Dissection and ligation 
of the bleeding point in healthy tissue; temporary occlusion of the corre- 
sponding artery and, if successful, ligation of the artery; further hepatic 
parenchymal resection. 

Biliary fistulas should be studied by contrast injections and if a per- 
sistent Cavity is responsible it should be drained. If this is not the case, 
biliocutaneous fistulas should be treated by prolonged observation. 
Rarely is a secondary hepatic resection indicated. 

Hemobilia, a complication recognized with greater frequency in 
recent times, is discussed in the article on Liver Injuries in Chil- 
dren.?®: 41. 45 

Other complications such as pulmonary sepsis, ‘‘shock or wet” lung 
syndrome, stress ulcerations of the upper gastrointestinal tract, intesti- 
nal obstruction, phlebothrombosis, pulmonary embolism, and renal fail- 
ure are encountered with increased frequency in severe liver trauma as 
they are in other major traumatic conditions. 


SUMMARY 


A successful approach to the treatment of hepatic trauma includes 
careful clinical evaluation of the injured patient and aggressive man- 
agement of shock with early transfer to the operating room. The princi- 
ples involved in the treatment of a liver injury are those used in the 
surgical management of any major wound: debridement, hemostasis, 
and drainage. Difficult wounds of the liver parenchyma and hilus may 
be approached by temporary compression of the abdominal aorta or of 
the structures in the hepatoduodenal ligament. Injuries of the inferior 
vena cava and of the hepatic veins are best handled by a complex 
approach consisting in the extension of the incision laterally or su- 
periorly and the introduction of a bypass shunt into the inferior vena 
cava. At times segmentectomy or lobectomy represents the fastest and 
safest means of debridement. Early recognition of the need for opera- 
tion and proper application of all the principles of wound management 
will reduce mortality and postoperative morbidity such as infection, sec- 
ondary hemorrhage, biliary fistula, and hemobilia. 
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Symposium on Surgery of the Liver, Spleen, and Pancreas 


Postoperative Jaundice 


Mechanism, Diagnosis and Treatment 


David H. Van Thiel, M.D.,* and Roger Lester, M.D.** 


Although not an infrequent occurrence, postoperative jaundice is a 
complex diagnostic and therapeutic clinical problem.*! While all major 
surgical procedures can be followed by postoperative jaundice, surgical 
procedures within the upper abdomen, usually for suspected biliary 
tract or peptic ulcer disease, are more frequently complicated by such 
an untoward event. Such increased frequency is due primarily to the 
anatomic vulnerability of the extrahepatic biliary structures during 
these procedures. 

As might be expected, postoperative jaundice is usually the con- 
sequence of multiple factors working in concert. Among the many fac- 
tors that need to be evaluated in any given situation are: (1) the patient’s 
preoperative liver function, (2) any history of prior alcohol abuse, drug 
exposure, or infectious agent exposure, (3) the reason for the original 
surgical procedure, (4) the type and duration of the procedure, (5) the 
type of anesthetic used, (6) the intraoperative findings, (7) the number 
of units and age of transfused blood given before, during and after the 
procedure, (8) any history of shock, hypoxia, or infection before, during 
or after the surgical procedure, (9) any history of preexisting medical 
condition, such as congestive heart failure, anemia, hemolytic disease, 
or bleeding diathesis, that might predispose the individual to develop 
jaundice. 

Because several of these etiologic factors usually obtain in a given 
case of postoperative jaundice, considerable clinical acumen is required 
to identify those cases in which an additional, usually difficult, high-risk 
operation is required from those in which continued medical manage- 
ment is indicated. When faced with such a difficult diagnostic chal- 
lenge, it is advantageous to consider each of the possible contributing 
factors as it relates to the three basic mechanisms responsible for jaun- 
dice.** These three mechanisms are: (1) prehepatic defect—an increased 
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pigment load, (2) intrahepatic defect—impaired bilirubin conjugation 
and/or excretion due to some abnormality of hepatocellular function, 
and (3) posthepatic defect—an inability to excrete conjugated bilirubin. 
The advantage of such an approach is that only those situations listed 
under the latter, e.g., posthepatic defects will require additional opera- 
tion. . 


PREHEPATIC DEFECTS—INCREASED PIGMENT LOAD 


The potential sources of an increased pigment load in the postopera- 
tive state are (a) hemolysis of transfused blood (old or mismatched), (b) 
the mild nonspecific hemolysis which occurs after major injury,® *4 and, 
(c) reabsorption of extravasated blood. Although massive spontaneous 
hemolysis of the patient’s own erythrocytes is a rare occurrence, it must 
be considered in those patients with a family or personal history of in- 
trinsic erythrocyte defects (such as sickle cell anemia, thalassemia, 
glucose 6-phosphate dehydrogenase deficiency and others) as well as in 
those patients with histories of autoimmune or neoplastic conditions 
that are often associated with Coombs-positive hemolytic anemias.”® The 
hospital record should be reviewed for the numerous drugs that are 
known to induce hemolysis (Table 1). The hemolysis in all such cases 
results in moderate biochemical and mild clinical jaundice of the un- 
conjugated variety (e.g., no more than 15 per cent conjugated bilirubin, 


Table 1. Drugs That Can Produce Jaundice 


Drugs that have been reported to induce hemolysis in patients with intrinsic red cell 
defects 


Acetaminophen Furazolidone Procainamide 
Acetanilid Menadione Pyribenzamine 
Acetylsalicylic acid Mepacrine Pyrimethamine 
p-Aminophenol Methylene Blue Quinidine 
p-Aminobenzoic acid Naphthalene Quinine 

Aniline Neoarsphenamine Sulfasoxazole 
Antistine Nitrofuradantin Sulphamerazine 
Ascorbic acid Nitrofurazone Sulphathiozole 
Chloramphenicol Pamaquin Sulphamethoxypyridine 
Chloroquine Pentaquin Sulphanilamide 
Dapsone Phenacetin Sulphaseazine 
Cimercapol (BAL) Phenylhydrazine Toluidine Blue 
Diphenhydramine Primaquine 

Furaltodone Probenamid 


Drugs that can provoke an immune-hemolysis 


Amidopyrine Insecticides Quinine 
Antazoline Insulin Rifampicin 
p-Aminosalicylic acid Isonicotinic acid hydrazide Stibophen 
Cephalosporins Penicillin Sulfonamides 
Chlorpromazine Phenacetin Sulfonylureas 


Dipyrone Quinidine 
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rarely greater than 3.5 mg per 100 ml, unless some other coexistent 
hepatic disease is also present).' In addition, the hepatic transaminases 
and alkaline phosphatase activities are normal while the haptoglobin is 
greatly reduced or absent, a reticulocytosis is present, as well as hemo- 
siderinuria. The major problem in these situations is diagnosis. Once 
recognized, therapy is relatively simple. First, the circulation has to be 
maintained with adequate replacement of fluids and blood and second, 
if hemolysis is severe, the urine output must be maintained with appro- 
priate intravenous fluids, alkalinization, and diuresis in order to prevent 
renal failure because of the hemoglobinemia and resultant hemoglo- 
binuria.** Other usually less dramatic causes of hemolysis include the 
normal destruction of transfused red cells and infection. The observa- 
tion that 10 to 15 per cent of transfused blood which is 2 weeks or more 
old hemolyzes within 24 hours explains the increased pigment load and 
resultant jaundice in those patients requiring massive transfusion.” 
The size of such an increased load can easily be appreciated when one 
considers that a single unit of whole blood with a hemoglobin content of 
15 gm per 100 ml contains a total of 75 gm of hemoglobin which yields 
about 250 mg of bilirubin when 10 per cent undergoes hemolysis. It is 
this additional 250 mg of bilirubin per unit of transfused blood, which 
needs to be excreted by the liver in addition to the daily normal bilirubin 
load, which can overload the liver’s excretory mechanisms. Similarly, 
large hematomas or pools of extravasated blood (hemoperitoneum, he- 
mothorax, etc.) can provide significant additional bilirubin loads for 
hepatic excretion as they are absorbed. 

Infection, especially sepsis, with any of a large number of different 
bacteria including streptococci, E. coli, Bacteroides and Clostridia can 
also result in hemolysis.*:?° The mechanisms responsible are poorly un- 
derstood but presumably hemolysis is due to bacterial hemolysins, and 
reduced hepatic uptake of bilirubin also occurs due to the concurrent 
hypotension and reduced hepatic perfusion. 

Finally, another pigment which can discolor plasma as well as urine 
is myoglobin. Myoglobinemia can be seen following large soft tissue in- 
juries which are common in trauma victims or burn patients.®’ 
Myoglobin, which is a smaller molecule than hemoglobin and which is 
not bound to haptoglobin, and is thus more filterable, appears in urine 
even when formed in small amounts. Thus, these patients must be 
managed like those with massive intravascular hemolysis and jaundice, 
with fluids, alkalinization, and diuresis in order to prevent acute renal 
shutdown. 


AN INTRAHEPATIC DEFECT—IMPAIRED BILIRUBIN 
EXCRETION DUE TO HEPATOCELLULAR INJURY 


The great bulk of cases of postoperative jaundice are a result of 
intrahepatic abnormalities (i.e., hepatocellular injury). In terms of 
frequency, the two most common and usually coexistent causes of post- 
operative jaundice due to hepatocellular injury are hypotension” and 
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hypoxia.” Either or both of these two conditions may have been present 
before, during, and/or after operation and become manifestly important 
as jaundice is noted postoperatively. The pathophysiologic mechanisms 
responsible for the hepatocellular damage in situations of shock and in- 
adequate ventilation or perfusion states is easily appreciated when one 
realizes that 70 per cent to 80 per cent of.the total hepatic blood flow 
and probably 70 per cent of the liver’s oxygen supply is made up of por- 
tal venous blood24 Normally, hepatic venous oxygen saturation is 35 to 
50 per cent; in shock this can be reduced to as low as 6 per cent as vis- 
ceral perfusion is reduced. The use of vasopressors in shock causes an 
additional decrease in total hepatic blood flow and thereby increases 
hepatic hypoxia by further shunting blood away from the viscera.® Since 
the centrolobular cells are bathed in blood with the lowest oxygen con- 
tent, the hepatocellular necrosis seen in liver biopsies obtained from pa- 
tients during states of low flow or hypoxia is manifested by focal hepa- 
tocellular drop-out and pigment phagocytosis about the central 
veins.*® *> Considering the frequency of this type of postoperative jaun- 
dice, it is mandatory that the physician seeing a jaundiced postoperative 
patient review the patient’s preoperative, intraoperative, and postopera- 
tive record including anesthesia and operative records, for evidence of 
shock, hypovolemia, inadequate urine output, etc. 

This type of postoperative jaundice usually has its onset 1 to 5 days 
after operation and peaks after 9 to 18 days. Liver function tests often 
suggest cholestasis with a markedly increased bilirubin and alkaline 
phosphatase and only moderate transaminase elevations (600 to 1000). 
Azotemia and oliguria are frequent coexisting abnormalities and proba- 
bly reflect the same etiologic factors affecting the kidneys. These pa- 
tients usually recover unless some other complication occurs, such as 
renal failure, sepsis, bleeding, or myocardial infarction. The major dif- 
ficulty in managing these patients is to exclude obstructive jaundice 
and thereby avoid unnecessary additional high-risk operations with the 
inherent danger of more hypoxia and hypotension. The recent develop- 
ment of retrograde endoscopic cholangiography” *” may well have its 
most important clinical application in these patients. Clearly, the dem- 
onstration of a normal extrahepatic biliary system, using this nonopera- 
tive technique, will eliminate unnecessary surgical procedures in these 
critically ill patients. 

Hepatotoxic drugs?! congestive heart failure“! sepsis.” 2° and the 
nonspecific impairment of hepatic function that occurs postopera- 
tively,’ are other causes of impaired postoperative hepatocellular func- 
tion and jaundice. They rarely are seen in isolation and therefore 
present with variable liver function abnormalities. These situations are 
best recognized by critical attention to detail concerning medications, 
vital signs (including central venous pressure), and general patient care. 
Their treatment is simply treatment of the specific abnormality with an- 
tibiotics, digitalis, diuretics, etc., after appropriate diagnostic procedures 
(cultures of blood, drainage sites, wounds, electrocardiogram, chest 
x-rays, etc.) have been obtained. 

Anesthetic hepatotoxicity is a rare clinical event occurring in approx- 


POSTOPERATIVE JAUNDICE 413 


imately 1 out of 10,000 patients who receive either halothane or meth- 
oxyflurane (Penthrane) anesthesia.» '* *®? The pathophysiologic mecha- 
nisms responsible for the massive hepatocellular necrosis that 
occasionally occurs with use of these agents is unknown. It would ap- 
pear initially, however, to be a direct hepatocellular injury which, for 
some unexplained reason, continues as a delayed hypersensitivity re- 
sponse.’ = In the typical case,* unexplained fever and leukocytosis, 
usually with eosinophilia, develops on the second or third postoperative 
day. Although jaundice is delayed and may not appear for several weeks, 
marked transaminase elevations are seen early. Several days after the 
onset of the fever, the liver becomes enlarged and is tender. Hepatic en- 
cephalopathy can develop very rapidly in these cases. With massive 
hepatic necrosis, liver size may decrease rather than increase and this 
occurrence is obviously a poor prognostic sign. Prior exposure to halo- 
thane or methoxyflurane seems to accelerate the pace of jaundice and the 
subsequent development of hepatic encephalopathy. Because of the 
severe nature of these anesthetic hepatotoxicities, any history of unex- 
plained fever, anorexia, lethargy, eosinophilia, and/or transaminase ele- 
vation following surgery with either of these agents should be an 
absolute contraindication to their further use in a given patient. 

The liver histology of anesthetic hepatotoxicity, as determined from 
review of biopsy and/or autopsy material, is reported to be indistin- 
guishable from massive hepatic necrosis (acute yellow atrophy) result- 
ing from viral hepatitis.** The picture is one of diffuse panlobular hepa- 
tocellular necrosis with Kupffer cell hyperplasia, pigment phagocytosis, 
and occasional acidophilic “Councilman” bodies. Clearly, any patient 
with known preoperative hepatocellular dysfunction is at greater risk 
for the development of postoperative jaundice than a normal individual. 
Furthermore, the reported observation that a slight, clinically unimpor- 
tant, transient bilirubin elevation up to 1.5 mg per 100 ml follows un- 
complicated abdominal surgery and that it is unrelated to any specific 
anesthetic agent or operative procedure, nicely underscores this state- 
ment.!? The mechanisms responsible for this biochemical jaundice in 
normal individuals postoperatively is unclear. Hepatic blood flow is 
reduced by 30 per cent under anesthesia, because of visceral shunting.” 
These factors may partially explain the appearance of postoperative 
jaundice in certain cases. Whether it is related to the similarly unex- 
plained, but frequently observed, increase in chemical and clinical jaun- 
dice in individuals with Gilbert’s disease while fasting or under stress is 
uncertain at present.*® 

Patients with anicteric viral hepatitis, unsuspected alcoholic hepa- 
titis and/or well compensated cirrhosis without the usual physical find- 
ings, especially those in older age groups, are of special concern. They 
may complain of vague upper right quadrant epigastric or periumbilical 
pain described as burning, aching, or pressure and mistakenly be 
thought to have biliary tract or peptic ulcer disease. If these patients are 
operated upon, they understandably develop postoperative jaundice. Al- 
though data concerning the mortality and morbidity of surgical proce- 
dures in jaundiced patients are either nonexistent or incomplete, it 
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would appear that patients with clinical “hepatitis” or “hepatocellular 
necrosis” are poor surgical risks,'* unlike those with predominantly 
“cholestatic” jaundice who seem to tolerate operations reasonably well. 
The reported mortality for the former group is 9.5 per cent. The in- 
cidence of major complications excluding death in this population is an 
additional 11.9 per cent. Thus a total of 21.7. per cent of such patients 
will either die or suffer a major complication such as a major pulmonary 
embolism, wound dehiscence, subphrenic abscess, etc. No data of a sim- 
ilar nature are available for those with a purely cholestatic picture. 

Two forms of familial hyperbilirubinemia are exacerbated by surgical 
stress, infection, and fasting and should also be considered under hepa- 
tocellular mechanisms for jaundice. Gilbert’s disease produces an indi- 
rect unconjugated hyperbilirubinemia. The Dubin-Johnson syndrome 
produces a direct reacting or conjugated hyperbilirubinemia. The latter 
syndrome is characterized by an inability to excrete cholecystographic 
dyes. Serious diagnostic and therapeutic errors can be made if the 
surgeon first becomes aware of this entity in a patient in the postopera- 
tive condition. 

A rare but very dramatic form of postoperative jaundice is seen in 
cases in which the entire hepatic pedicle (blood vessels and bile ducts) 
are ligated at surgery. In these cases massive hepatic infarction occurs 
with rapidly developing intense jaundice. Transaminase levels are mark- 
edly elevated early and may fall after several days as the patient de- 
velops progressive hepatic failure and dies. 

A poorly understood, occasionally seen, but often cited form of post- 
operative jaundice is the syndrome of idiopathic benign postoperative 
intrahepatic cholestasis associated with prolonged operative proce- 
dures.*® The case reports of patients thought to have this type of post- 
operative jaundice, however, are complicated by many potential etio- 
logic factors that are known to produce jaundice, such as multiple 
transfusions, hypotensive and hypoxic episodes, multiple hepatoxic 
drugs and even preexisting liver disease. The readers are referred to the 
original description of this syndrome*® and can determine for them- 
selves if it is a true syndrome. 


A POSTHEPATIC DEFECT—INABILITY TO EXCRETE 
CONJUGATED BILIRUBIN 


Jaundice occurring as a result of injury to the extrahepatic biliary 
tract, although uncommon, must be recognized as it is the only type of 
postoperative jaundice amenable to surgical correction. Obstruction, ei- 
ther complete and constant or partial and intermittent, is the pathologic 
mechanism in all cases. If not recognized early, it results in recurrent 
cholangitis, sepsis, and eventually biliary cirrhosis, with progressive 
debilitation of the patient because of combined nutritional and metabolic 
abnormalities." ** As might be anticipated, injuries to the extrahepa- 
tic biliary system occur most frequently after operation for cholecystitis 
or choledocholithiasis, but also occur following procedures for peptic 
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ulcer disease or other surgical procedures in the upper abdomen.’ They 
usually occur in cases which require difficult dissection or blind ligature 
such as cases of recurrent surgery complicated by adhesions, or dis- 
turbed anatomy and/or complicated by peritonitis or abscess formation.* 
The postoperative history is often of great value in these cases.'4 A 
frequent sequence is the appearance of jaundice within 48 hours of 
operation. In such cases, the presence of copious biliary drainage from 
wound or drainage sites within a week is suggestive of occlusion of the 
common duct by ligature and subsequent perforation due to necrosis of 
the bile duct just proximal to the ligature. On the other hand, a large 
discharge of bile within hours after operation is more likely due to an 
unrecognized transection of a major bile duct occurring at operation. 

These situations, when recognized, should be evaluated quickly, 
utilizing all the methods currently available,” which include instillation 
of radiopaque material into surgical drains and fistulous tracts, com- 
bined with retrograde endoscopic cholangiography’ and upper and lower 
gastrointestinal series, and then early surgical repair. Intravenous and 
oral cholangiograms are unlikely to be of value in these patients because 
the level of jaundice and impaired hepatobiliary function present 
usually mitigates against adequate visualization with these tech- 
niques.** For all practical purposes, the recent development of retro- 
grade endoscopic cholangiography” ‘*” has eliminated the need to use 
percutaneous transhepatic cholangiography in these situations. The 
method of repair at reoperation depends upon the type of bile duct in- 
jury found, type of preceding operation, and the skill of the surgeon.'* 2? 
48,53 

Common duct stricture occurring as a consequence of the normal 
healing process following unrecognized ductal injury often results in a 
narrowed and contracted lumen which produces either progressive low- 
grade chronic obstruction or, more frequently, intermittent incomplete 
obstruction years after the initial surgical procedure.'* The insidious 
development and intermittent nature of such a surgical complication 
usually results in greatly delayed recognition. Investigation is usually 
delayed until the patient has experienced several episodes of intermit- 
tent obstructive jaundice, abdominal pain suggestive or choledocholith- 
iasis, cholangitis, or sepsis, and has some, if not signficant, irreversible 
hepatic injury. As in the preceding situation, but unlike the acute situa- 
tion, endoscopic retrograde cholangiography’ and _ intravenous 
cholangiography are valuable diagnostic tools. Again the method of 
surgical repair for these complications depends upon the anatomic cir- 
cumstances present at the time of the re-exploration and the skill and 
experience of the surgeon—and will not be discussed here. The subject 
matter, however, is reviewed elsewhere! ?* 4: #9 

Early postcholecystectomy common duct obstruction due to unrec- 
ognized or retained choledocholithiasis is another cause of postopera- 
tive jaundice and can occur in as many as 5 per cent of patients 
operated upon who have had their common ducts explored.” '**! When 
present it can give rise to the typical picture of biliary colic and obstruc- 
tive jaundice in the immediate postoperative period. The diagnosis, 
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however, may be difficult if laboratory findings are not typical or the 
pain and fever are masked by narcotic or antipyretic medications. Recent 
reports of ductal instillation with heparin,” cholic acid,” and quaternary 
amines” cite dissolution of such stones, relieving the obstruction. Cho- 
lic acid infusions is reported to be successful in as many as two thirds of 
the patients in which it has been tried>*°*! In addition, reports of forcep 
or basket extraction of such stones! !!: 528 utilizing radiologic monitor- 
ing have been reported with a 90 per cent success rate. These methods 
will obviously reduce the frequency for which re-exploration is required. 
Unfortunately, they require special equipment and physicians with 
special skills and should still be considered experimental. Should as- 
cending cholangitis or pronounced biliary obstruction develop, surgical 
intervention without delay is mandatory. In cases of retained stone 
without cholangitis or evidence of obstruction, nonoperative methods 
can be tried. However, these methods are still experimental and not 
generally available outside a surgical research unit. When used they are 
usually delayed 2 to 4 weeks to allow for wound healing and then con- 
tinued for a similar period of time before reoperation is advised.*! If such 
a unit is not available operation is usually delayed to allow wound healing 
and subsiding of inflammation. Reoperation is ultimately necessary in 
these cases to remove the retained stone. 

Postoperative pancreatitis’? can, on occasion, produce significant ob- 
structive jaundice, but is usually recognizable from the clinical picture 
as well as determination of the serum and urinary amylase. Again, in- 
travenous and endoscopic retrograde cholangiography are valuable diag- 
nostic tools in such cases. As might be expected, this latter procedure is 
significantly more difficult and potentially dangerous in cases with 
suspected acute inflammatory pancreatic disease. Demonstration of an 
intrinsically normal extrahepatic biliary system in such cases obviates 
the need for re-exploration in these critically ill patients. 

Finally, an unusual occurrence is postoperative cholecystitis appear- 
ing 3 to 30 days after operations unrelated to the biliary tract.!17 In over 
half of the reported cases, no stones were found in the gallbladder or 
common duct. Bacteria, however, are usually found in the bile or sur- 
rounding peritoneal fluid and gangrene of the gallbladder is not uncom- 
mon. These patients usually present with nausea, vomiting, and acute 
periumbilical and occasionally right upper quadrant or subscapular 
pain, characteristic of acute cholecystitis. As in cases of retained biliary 
calculi, the clinical picture can be obscured by coincidental administra- 
tion of analgesics and antipyretics as well as the nature of preceding 
surgical procedure. As soon as the diagnosis is suspected and confirmed 
by appropriate methods, surgical intervention ought to be immediately 
initiated because of the great risk of gallbladder perforation occurring in 
these patients, who, as noted above, frequently have gangrene of the 
gallbladder. : 

As can be seen from the preceding discussion, postoperative jaun- 
dice is indeed a difficult diagnostic problem. It requires all the knowl- 
edge and clinical skill available to the practicing physician in order that 
those cases requiring additional operative therapy are identified and 
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those in whom surgical therapy is not indicated are spared an unneces- 
sary and potentially dangerous additional insult. 
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The Greek word ikteros is derived from the word ictides, a species 
of ferret with bright yellow eyes. Skin and, to an even greater degree, 
the sclerae have a particular affinity for circulating bilirubin. When the 
serum concentration of conjugated and/or unconjugated bilirubin ex- 
ceeds 2.5 to 3.0 mg per 100 ml, clinical jaundice is usually apparent. 
The causes of jaundice are diverse, are often difficult to identify using 
clinical criteria alone, and usually require specific therapy for their reso- 
lution. A patient with jaundice secondary to hepatitis may succumb to a 
diagnostic laparotomy;® another patient with jaundice secondary to 
neoplastic extrahepatic obstruction may eventually succumb because of 
an unnecessarily long delay in diagnosis. The diagnostic evaluation 
should be expeditious, but not precipitous. Broadly speaking, the causes 
of jaundice may be categorized as: hemolytic, hepatocellular, and ob- 
structive (intrahepatic and extrahepatic). Appropriate therapy demands 
identification of the underlying disease mechanism. A comprehensive 
history and physical examination can occasionally lead to the correct 
diagnosis; but more often than not, the clinician must rely heavily upon 
various laboratory, radiologic, endoscopic, and radioisotopic studies. 


PHYSIOLOGY 


Two hundred and fifty to 300 mg of bilirubin are formed daily, pre- 
dominantly from the catabolism of senescent red blood cells, in the adult 
reticuloendothelial system.'® This water-insoluble bilirubin is firmly 
bound to plasma albumin in which state it is circulated to the liver. The 
hepatocyte has a strong affinity for bilirubin. Intracellular bilirubin is 
conjugated with glucuronic acid (requiring the enzyme glucuronyl- 
transferase), and once conjugated, bilirubin is actively secreted against 
a concentration gradient into the biliary canaliculae and, ultimately, into 
the extrahepatic biliary system. Jaundice may be the result of increased 
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Table 1. Medications Associated with Hepatic Dysfunction 


Organic arsenicals* Nitrofurantoin* 
Azathioprine Norethandrolone* 
Chloramphenicol* Para amino salicylic acid”* t 
Chlorpropamide Phenindione 

Erythromycin estolate* f Phenothiazines* 

Isoniazidt Phenylbutazone 

6 Mercaptopurine Propylthiouracil* t 
Methimazole* + Sulfonamides* 
Methyldopat Tetracyclinet 


Methyl testosterone* 


*Cholestatic 
+Hepatocellular injury 


heme catabolism (hemolysis), an impaired uptake of bilirubin by the 
hepatocyte (? Gilbert’s syndrome), a deficiency of glucuronyl-transferase 
(Crigler-Najjar and ? Gilbert’s syndromes), a defect in the active secre- 
tion of conjugated bilirubin into the canaliculae (Dubin Johnson syn- 
drome), intrahepatic cholestasis (viral hepatitis, portal cirrhosis, fatty 
metamorphosis, primary biliary cirrhosis, drug reaction) or extrahepatic 
biliary obstruction (choledocholithiasis, benign biliary stricture, biliary 
and periampullary neoplasms, and extrinsic compression). The hepa- 
tocyte is capable of excreting bile into the biliary tree at a pressure head 
of 35 cm of saline. A normal sphincter of Oddi will spontaneously relax 
when the intrabiliary pressure exceeds 15 cm of saline.’ Any intrinsic or 
extrinsic lesion compromising sphincteric function will lead to the re- 
tention of conjugated bilirubin and the appearance of clinical jaundice, 
when the sphincteric passage pressure exceeds 35 cm of saline. 


CLINICAL PRESENTATION 


With the exception of biliary colic, there are few symptoms in the 
jaundiced patient that are of great diagnostic value. Malaise, weight 
loss, anorexia, pruritus, and a decreased desire for cigarette smoking are 
common expressions of a variety of hepatobiliary disorders. Choluria 
and acolic stools suggest but are not diagnostic of biliary obstruction. An 
antecedent history of fried and fatty food intolerance is consistent with 
the diagnosis of cholelithiasis but is not pathognomonic. A careful his- 
tory of drug exposure is mandatory. A list of medications potentially 
causing jaundice is presented in Table 11! !® ?! 

On physical examination, jaundice can usually be differentiated 
from hypercarotinemia by the absence of scleral pigmentation in the lat- 
ter condition. Gynecomastia, pectoral alopecia, palmar erythema, 
telangiectasia, and testicular atrophy are all stigmata of advanced cir- 
rhosis. Liver and spleen size with or without tenderness, the presence or 
absence of a palpable gallbladder (Courvoisier’s sign) or other intra-ab- 
dominal masses should be noted. The stool should be examined for oc- 
cult blood. 
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LABORATORY AND RADIOLOGIC ASSESSMENT 


Appropriate laboratory data usually play a critical role in establish- 
ing the cause of jaundice. The characterization of hyperbilirubinemia by 
fractionation into direct and indirect reacting bilirubin is helpful when 
one or the other fraction grossly predominates. Indirect hyperbilirubine- 
mia is more frequently associated with hemolytic or hepatocellular 
jaundice, direct hyperbilirubinemia with cholestatic jaundice or extra- 
hepatic biliary obstruction. SGOT and LDH values usually reflect the 
structural and functional integrity of the hepatocyte, whereas alkaline 
phosphatase levels may reflect the structural and functional integrity of 
the biliary ductal epithelium. Albumin and prothrombin levels are indi- 
ces of hepatic synthetic capacity. Antimitochondrial antibodies are de- 
tectably elevated in most patients with primary biliary cirrhosis but may 
be falsely elevated in one quarter of patients with chronic active hepa- 
titis or postnecrotic cirrhosis. In drug-induced and viral hepatitis and 
extrahepatic biliary obstruction, antimitochondrial antibodies are not de- 
tectable.!® 

If, at this point in the patient’s evaluation, biliary obstruction is 
suspected but one cannot differentiate between intrahepatic cholestasis 
and extrahepatic biliary obstruction, a variety of radiologic studies are 
available. The upper gastrointestinal series or hypotonic duodenogram 
may detect periampullary or pancreatic pathology but the diagnostic 
yield, especially of curable lesions, is low.*:+ In the jaundiced patient, 
oral cholestography is useless and, unless the bilirubin is less than 5 mg 
per 100 ml, intravenous cholangiography with tomography similarly will 
fail to visualize the biliary tree. 

In the majority of jaundiced patients, the diagnosis can be estab- 
lished by conventional clinical, laboratory and radiologic procedures; 
however, 20 per cent remain enigmatic. Over the past decade, a number 
of invasive and noninvasive procedures visualizing the biliary tree have 
been designed to facilitate or obviate a subsequent diagnostic laparo- 
tomy. Percutaneous transhepatic cholangiography, performed under 
local anesthesia, can directly visualize the biliary tree proximal to the 
site of obstruction.® (Fig. 1). It is useful in differentiating between ob- 
structive and non-obstructive jaundice, in determining the cause of ob- 
structive jaundice and in localizing the level of obstruction. Optimally, 
the patient should be jaundiced for at least 2 weeks to permit adequate 
ductal dilatation. By this technique the biliary tree is visualized in over 
80 per cent of patients with ductal obstruction, and in roughly 50 per 
cent of patients without ductal obstruction. If after five attempts the 
ductal system cannot be cannulated and visualized, the patient most 
probably has nonobstructive jaundice.” 

If an obstructed biliary tree is demonstrated by this technique, a 
laparotomy for decompression is usually essential within hours of this 
procedure. A variation of this is transjugular, transhepatic cholangio- 
graphy,”° which has enjoyed limited use. For this technique a cannula is 
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Figure 1. Percutaneous transhepatic cholangiogram in a patient with extrahepatic 
biliary obstruction secondary to a cholangiocarcinoma of the proximal common bile duct. 
CATH, teflon catheter; RHD, right hepatic duct; LHD, left hepatic duct; CBD, common 
hepatic duct; CDR, cystic duct remnant; CA, obstructing cholangiocarcinoma. 


inserted via the jugular vein into the hepatic vein and then advanced 
into the hepatic parenchyma. Resultant bacteremia can usually be 
avoided by pretreating the individual with systemic antibiotics. Con- 
traindications to either of these two techniques include the possibility of 
lymphoma, liver metastasis, liver abscess, hydatid cyst disease, and 
acute cholangitis. 

More recently duodenoscopy with retrograde choledochopancreato- 
graphy has been described.” ® '® ! It is technically difficult to perform. 
The incidence of gram-negative septicemia and hyperamylasemia has 
been acceptably low. When successfully performed, this procedure can 
document the presence of extrahepatic obstruction, can localize the na- 
ture and site of obstruction, and can possibly obtain cells or tissue for 
cytologic or histologic evaluation (Fig. 2). As instrumentation improves 
and the number of trained endoscopists increases, this diagnostic proce- 
dure will enjoy considerably greater popularity than at present. 
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Figure 2. A, Retrograde choledochopancreatogram in a patient with intermittent jaun- 
dice and biliary colic and a previous cholecystectomy. CDR, cystic duct remnant; CBD, com- 
mon bile duct; C, calculus; PD, pancreatic duct. 

B, Retrograde choledochopancreatogram in a patient with painless jaundice. LHD, 
dilated left hepatic duct; CA, obstructing cholangiocarcinoma; CBD, common bile duct. 


Other approaches to the biliary tree have been reported and include 
(1) laparoscopy with transhepatic cholecystocholangiography and (2) 
limited laparotomy under local anesthesia. Laparoscopy with transhepa- 
tic cholecystocholangiography has the theoretical advantages of being 
able to directly cauterize the hepatic puncture site, and of not requiring 
a dilated intrahepatic ductal system for successful biliary visualization 
by virtue of passing the cannula through the hepatic substance into the 
gallbladder under direct visualization. Limited laparotomy under local 
anesthesia facilitating transhepatic cholangiography, liver biopsy, and 
omentoportography represents an integrated diagnostic approach with a 
reportedly high diagnostic yield and limited morbidity.'7 Both these 
modalities will require a more widespread use before their usefulness 
can be adequately determined. 

The combination of selective visceral arteriography and percutan- 
eous transhepatic cholangiography has been reported to be diagnostic in 
over 90 per cent of jaundiced patients.* In addition to localizing the 
site and nature of the biliary obstruction, hepatic metastasis greater 
than 2 cm in diameter can usually be visualized and, on the venous 
phase of the superior mesenteric arteriogram, the integrity of the supe- 
rior mesenteric vein can be evaluated, determining resectability (Fig. 3). 

Liver scans are useful in evaluating liver size, liver shape and space 
occupying hepatic lesions. This technique is reported to be 80 per cent 
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Figure 3. Venous phase of a superior mesenteric arteriogram in a patient with an exten- 
sive carcinoma of the head of the pancreas and painless jaundice. PV, portal vein; OBS, ex- 
tensive pancreatic carcinoma; COL, extensive superior mesenteric venous collaterals; SMV, 
superior mesenteric vein. 


reliable in detecting lesions greater than 2 cm in diameter. The clear- 
ance of radioactive rose bengal by the liver has been of limited value in 
helping to differentiate between obstructive and nonobstructive jaun- 
dice.'* On interpreting filling defects in the liver scan, it is often impos- 
sible to differentiate between dilated bile ducts, neoplasia, abscess, or re- 
generative or sclerotic tissue. 

A closed needle liver biopsy should only be attempted if it seems un- 
likely that there is significant extrahepatic biliary obstruction.” 
Otherwise, significant bile leakage may ensue, necessitating an un- 
planned laparotomy and a less than optimal biliary bypass procedure. 


CONCLUSION 


In most patients, obstructive jaundice can be differentiated from 
intrahepatic cholestatic jaundice employing conventional clinical, radio- 


SUSPECTED EXTRAHEPATIC BILIARY OBSTRUCTION 425 


logic, and laboratory techniques. Roughly 20 per cent of these patients 
will remain without a diagnosis. During the past decade, several in- 
vasive and noninvasive techniques for visualizing the biliary tree have 
been developed, increasing the diagnostic yield to over 90 per cent. The 
combination of selective visceral arteriography and percutaneous trans- 
hepatic cholangiography is currently the preferred approach. Duodeno- 
scopy with retrograde choledochopancreatography, as an alternative 
approach, will become increasingly utilized in the near future. An ex- 
ploratory laparotomy for jaundice of undetermined etiology should not 
be undertaken without first performing one or the other of the above 
procedures. 
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Nuclear medicine studies of the liver, spleen and pancreas have 
their major clinical applications in the evaluation of structure. The stud- 
ies are based on static imaging, the abnormal study being one that 
differs from the normal in the size, shape, or position of the organ, or in 
the uniformity of distribution of the radioisotope within it. In a number 
of conditions, these imaging techniques have added a new and highly 
reliable method of diagnosis; in some, they can serve as screening or 
confirmatory studies; in others, their role is more limited or still in 
dispute. In the sections that follow, my goals are to: (1) provide a brief 
explanation of the drugs and instruments on which the studies are 
based; (2) discuss the clinical setting in which radionuclide studies are 
useful, (3) present the particular advantages of these studies as well as 
their limitations. 


LIVER 


An important consideration in evaluating radiopharmaceuticals is 
the radiation dose delivered to the patient. This radiation dose can be 
reduced by using a compound with one or both of the following proper- 
ties: a short effective half-life in the patient and no beta particle emis- 
sion in its decay process. Radiopharmaceuticals for studying the liver 
fall into two classes, each one removed from the blood by one of the two 
major cellular components of the liver, the polygonal cell and the re- 
ticuloendothelial cell (RE cell). The compounds in the first class allow 
visualization of the polygonal cells and the biliary tree. Among them 
only iodinated rose bengal has proven clinically useful. Up to now, "1J, 
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which gives off multiple beta particles in its decay, has for practical pur- 
poses been the only iodine isotope suitable for labeling the rose bengal. 
131] rose bengal is used primarily to investigate those situations in which 
polygonal cell function and biliary tree patency are in question. 

A variety of colloidal preparations have been used for demonstration 
of the functioning RE cell component. One of the first was colloidal gold 
198 (physical half life =2.7 days, emits beta particles). Since colloidal 
particles, once trapped, remain in the liver (biological half-life is in- 
finity) absence of beta emission and a short physical half-life are espe- 
cially desirable in this class of compounds. At this time, colloidal pre- 
parations of technetium 99m (physical half-life, 6 hours; no beta 
emission) and indium 113m (physical half-life, 1.7 hours; no beta emis- 
sion) are widely used. 

Radionuclide imaging is done with two types of instruments. The 
rectilinear scanner consists of a single sodium iodide crystal (most com- 
monly 5 inches in diameter) which scans back and forth over the pa- 
tient, building up the image point by point and line by line. The gamma 
camera consists of a single stationary crystal approximately 12 inches in 
diameter. It constructs the image over the entire area simultaneously, 
continually adding detected information to all points until sufficient 
data has been accumulated throughout the area. The gamma camera 
can be used to produce an image of the static distribution of the radioac- 
tivity or a series of images that show the changing distribution of the ra- 
dioactivity over time. 

The thickness of the liver makes it essential to obtain multiple 
views. At the University of Pittsburgh, the routine study with either in- 
strument consists of anterior, lateral, and posterior images; an anterior 
oblique view is added when the gamma camera is used. 

There are several ways in which liver pathology is reflected in the 
liver scan: (1) The focal defect, either single or multiple, represents an 
area where normal liver tissue has been replaced by nonfunctioning tis- 
sue or displaced by a fluid collection (Fig. 1). This type of defect may be 
completely surrounded by functioning tissue which makes it easier to 
detect, or it may be located along a margin of the organ where its 
presence may be mistaken for a variation in normal contour. (2) He- 
terogenous distribution of radioactivity suggests a process which has 
diffusely replaced functioning tissue. (3) When a radiocolloid is used, an 
increase in the amount of radioactivity present in the RE cells of the 
spleen and bone marrow indicates a decrease in RE cell function in the 
liver; this is usually associated with diffuse parenchymal pathology. 

The several causes of focal cold area on the liver scan include 
primary or metastatic tumor, abscess, traumatic rupture or hematoma, 
and cyst. Subhepatic or subphrenic abscesses may involve the liver, and 
masses arising in nearby organs such as the kidney, adrenal, pancreas, 
or stomach may either extend into the liver or produce abnormalities of 
contour by pressure alone (Figs. 2, 3 and 4). 

Until recently, subsequent steps in evaluating the nature of the cold 
area were intrusive: needle biopsy or laparotomy. There are now two 
ways to narrow the differential diagnosis by newer nuclear medicine 
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Figure 1. A and B, Anterior and right lateral camera images in a 38 year old woman 
showing a focal defect in the right lobe associated with carcinoma of the breast resected 4 
years earlier; C and D, progression of lesion 11 months later. 
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Figure 2. Anterior camera image in a 54 year old man reveals multiple focal defects; 
carcinoma of the lung with lymphangitic spread had been diagnosed 2 months earlier. 


imaging studies. One is based on the degree of vascularity of the liver 
abnormality relative to surrounding liver tissue. This can be assessed by 
sequential imaging of the liver following intravenous injection of a 
bolus of a radioactive drug; this study is often called an intravenous 
angiogram. A cyst, abscess, or hematoma, of course, is an avascular 
lesion. Tumors possess differing blood supplies relative to the normal 
liver. Most hepatomas have moderate to marked increased flow in com- 
parison with the surrounding organ, unless significant necrosis has de- 
veloped. Unfortunately, metastatic carcinoma does not present a con- 
sistent pattern and may appear as an area of decreased, increased, or 
normal vascularity. This study is particularly useful in differentiating 
the pseudotumor of cirrhosis from hepatoma, and in separating hepa- 
tocellular carcinoma from abscess or cyst. In countries such as Taiwan, 
in which hepatoma and amebic abscess are relatively common condi- 
tions, the intravenous angiogram has proven a valuable study.” * ™4 

Gallium-67, first introduced to assist in staging lymphomas, has 
been found to localize in a number of tumors and in abscesses. Based on 
this property, gallium-67 imaging of the liver with focal defect has 
helped to differentiate primary liver tumor or abscess from pseudomass 
in cirrhosis or from a cyst.**® In addition, peripheral lesions, which 
often are hard to delineate as cold areas with radiocolloids since they 
may interfere only minimally with the function of adjacent tissue, may 
be seen more easily as an area of increased concentration of radiogal- 
lium (Fig. 5). The possibility of abscess is a contraindication to needle 
biopsy. Concentration of radiogallium in such a lesion can confirm the 
diagnosis of abscess (Fig. 6). 
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Figure 3. A, Lateral rectilinear scan in a 36 year old man 2 weeks following blunt trauma 
to the right upper quadrant from an automobile steering wheel; the patient suffered a linear 
rib fracture. He presents at this time with low grade fever and an elevated white count. 
B, A repeat study 6 weeks later shows that the intrahepatic hematoma has resolved; the pa- 
tient is asymptomatic. 
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Figure 4. A, Anterior rectilinear scan in a 47 year old man with a 2 week history of fever 
and abnormal liver function tests on 12/26/72. B, Repeat study done 2 months after surgical 
drainage and partial right lobectomy for liver abscess. 
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Diffuse irregularity of uptake within the liver is most often asso- 
ciated with parenchymal disease! but can also be seen with infiltrative 
processes such as lymphoma or granulomatous disease. Less commonly, 
it is seen in metastatic carcinoma. Cirrhotic process with pseudotumor 
is the more likely diagnosis when a focal defect is associated with dif- 
fuse heterogeneity or with significant extrahepatic concentration of 
radiocolloid. Nevertheless, there is no substitute for diagnosis based on 
histologic examination in cases where the clinical picture or laboratory 
findings are not consistent with the pattern seen in the scan. 

The most common reason for requesting a liver scan is to determine 
whether metastatic disease is present. More than a third of patients 
with a primary carcinoma in the abdomen, usually colorectal, have 
metastatic liver disease at the time of exploration.* That the presence 
of metastatic liver disease has an ominous effect on survival is well 
recognized.*° On the other hand, it has been reported that fully half 
of 55 patients alive 9 years after radical colon surgery had tumor cells in 
the portal vein at the time of the original operation. The experience of 
this group suggests that local metastatic disease is amenable to therapy 
if detected. But if it is not detected, or is not localized, then the outlook 
for the patient is poor no matter what the results of the primary surgery. 
The development of aggressive surgical techniques and of chemother- 
apy has made accurate preoperative diagnosis of liver metastases criti- 
cal. 

Of various approaches to the examination of the liver, all have been 
shown to misdiagnose a significant number of patients. Ahsen and Pick- 
rin? found in their autopsy series that 40 per cent of the diseased livers 
were normal in size. Almost half of one group of patients with confirmed 


Figure 5. Liver scans in alcoholic cirrhosis with hepatoma. A, Colloid scan with a large 
defect on the inferior margin extending into the left lobe. B, Gallium-67 study showing 
localization where part of the cold area is actually a hepatoma. (From Lomas, F., et al.: New 
Eng. J. Med., 268:1323, 1972, with permission.) 
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Figure 6. This 70 year old woman with rheumatic heart disease had undergone chole- 
cystotomy with removal of stones 7 years previously. She was admitted with fever and 
sweats. Blood culture was positive for fusiform bacteria. A, Tc 99m colloid scan showed an 
area of slight decrease in activity in the inferior half of the left lobe. B, A gallium-67 scan 
shows two areas of concentration of radioactivity; surgery revealed multiple smali abscesses 
in the left lobe of the liver. Courtesy of Dr. Gilbert Isaacs, Montefiore Hospital, Pittsburgh. 
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positive scans had impalpable livers.” Individual liver function tests 
have low reliability.!7-?” The incidence of false-negative laboratory test 
results has been as much as four times greater than that of the scan.2’ 
When abnormality in two or more liver function tests is used as a cri- 
terion, however, the sensitivity increases markedly.'” Nevertheless, even 
with multiple liver function tests, results have been normal in as many 
as half of patients with metastatic liver disease.” Even surgical palpa- 
tion and inspection cannot be accepted as the final arbiter of the presence 
or absence of the disease. The Roswell Park review found that in 11 per 
cent of the abnormal livers, lesions were not visible on the surface or 
palpable.‘ In another 4 per cent, lesions were on the surface in locations 
not accessible to the surgeon’s hand. In a group of 46 patients with 
colorectal carcinoma without clinical or laboratory evidence of liver 
disease, 8 were shown to have tumorous livers at operation or autopsy.”° 
One of these not diagnosed at operation had a positive scan. 

The overall diagnostic accuracy of liver scanning for tumor (total 
number of correct diagnoses divided by the total number of studies 
done) has been reported to be between 70 and 90 per cent. This variation 
poses a problem in attempting to assess the value or reliability of the 
liver scan in patient management.'® Assessment of diagnostic accuracy 
from any one institution may be affected by: (1) the selection of the pa- 
tient population; (2) clinical decisions which determine the frequency 
and nature of biopsy and surgical correlations with scan diagnosis; and 
(3) the particular characteristics of the physician interpreting the 
scan.'!}** As a consequence, individual authors often draw conflicting 
conclusions about the usefulness of hepatic scanning.'® * It is impor- 
tant to note that a similar problem exists in evaluating physical examin- 
ation,” © liver function tests,” © and surgical exploration.?” °° 

What then are the particular strengths of liver scanning in the pa- 
tient with possible metastatic disease in the liver? (1) It is a nonin- 
vasive method of screening certain groups of patients prior to undertak- 
ing definitive therapy. In colorectal and breast carcinoma, both primary 
lesions with a high risk of producing metastatic liver disease, a signifi- 
cant number of patients scanned have had liver involvement unde- 
tected by other means.” ** Patients with a normal size liver, an impalpa- 
ble liver, or normal liver function tests have all been found with liver 
metastases in a significant number of cases.*** 7 It is singularly dis- 
heartening to encounter obvious metastatic liver disease in a patient 
who has recently completed therapy for the primary disease, whether 
this be radiation therapy, drug therapy, or surgical therapy. (2) The scan 
allows an estimate to be made of the extent of the liver disease, which 
can be used as a guide to treatment.® (3) It is a graphic way to establish 
a baseline from which to follow a patient’s response to treatment. As 
such it can provide evidence of the success or failure of a given regimen 
before clinical changes occur (Figs. 1A to D). It should not be forgotten 
however, that false-positive and false-negative results do occur and that 
attempts should be made to confirm the scan findings to the extent jus- 
tified by the individual case. When biopsy confirmation is sought, the 
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Table 1. Decreasing Mortality in Patients with Liver Abscess 
over the past 50 Years : 


GRANT ET AL.” BLOCK ET AL.” ALTEMEIER ET AL.” 
Time Period Mortality Time Period Mortality Time Period Mortality 
prior to 1938 75% 1923 to 1961 70% first 5 years 80% 
1938 to 1960 50% 1962 to 1965 9% second 5 years 82% 
1960 to 1965 15% most recent 28% 
current 0% 5 years 


positive yield can be increased when the liver scan is used to guide the 
placement of the needle. 

Hepatic imaging has had a striking impact on the diagnosis and 
treatment of the patient with abscess in and around the liver. The diag- 
nosis of liver abscess, whether pyogenic, parasitic, or mycotic, can be 
difficult on clinical evidence until late in the disease.’’* Increasing 
clinical suspicion of this diagnosis and the use of antibiotics have not 
significantly affected mortality rates. Failure to drain a liver abscess has 
almost invariably been fatal.’ Adequate surgical drainage, on the other 
hand, has reduced mortality to 10 to 25 per cent. Table 1 illustrates how 
the prognosis of liver abscess has changed over the years at three insti- 
tutions. In each one, the surgeons attributed the difference to the liver 
scan, calling it the single most useful aid and the major factor in reduc- 
ing mortality” '* ** (see Figs. 4 and 6). 

Visceral abscesses are a very common complication in chronic 
granulomatous disease of childhood (CGD). The diagnosis of liver 
abscess in children with this condition is especially difficult because of 
chronic infection elsewhere in the body. When the diagnosis is sus- 
pected, a scan should be obtained promptly; when positive, it is an in- 
dication for surgical exploration (Fig. 7). Recurrence of the abscess is 
likely unless the involved part of the liver is completely excised.” 

Liver and lung scans done at the same time can be a powerful diag- 
nostic tool in evaluating the patient with a possible subphrenic 
abscess.’ © The liver and lung can be imaged on the same film in mul- 
tiple views using different radiopharmaceuticals labeled with the same 
radioisotope, technetium 99m. Separation of the liver and lung, often 
seen best in the right lateral view, indicates the presence of a fluid 
collection between the liver and the lung. It may be due to empyema in 
the right hemithorax or a subphrenic abscess; either may have extended 
into the liver (Fig. 8). The gallium-67 study is a further aid in localizing 
abscesses in this area and defining their extent. 

Trauma to the abdomen is being seen with sharply increasing 
frequency in the civilian population. Damage to the liver is said to occur 
in 5 to 10 per cent of cases of nonpenetrating trauma, about half as 
often as laceration of the spleen (see below).**® Mortality can be reduced 
by aggressive surgical management.” The prompt use of the liver scan 
will allow the diagnosis of hepatic injury to be made earlier. The findings 
on the scan together with the patient’s condition will determine what 
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Figure 7. A 7 year old boy was admitted with a history of fever and vomiting; chronic 
granulomatous disease had been diagnosed at age 28 months. He had hada number of previous 
admissions with lung and skin infections. This time he had fever and liver tenderness. Liver 
scan shows a large filling defect; an abscess (Staph. aureus) was drained and excised. (From 
Preimesburger, K., and Goldberg, M.: Radiology, 110:147-150, 1974, with permission.) 


Figure 8. AQ year old boy witha 5 week history of fever while on antibiotics was admit- 
ted with a large and tender liver. He had known chronic granulomatous disease since age 3. 
Fluoroscopy showed normal motion of diaphragm. Liver/lung scan shows separation of these 
organs. Surgery disclosed a 6 cm abscess in the right lobe, extending into the subphrenic 
space. (From Preimesburger, K., and Goldberg, M.: Radiology, 110:147-150, 1974, with 


permission. ) 


steps to follow; if the patient is clinically stable, and the scan indicates a 
limited defect, management can be nonoperative” (Fig. 3). Multple view 
gamma camera liver imaging can be accomplished quickly and safely 
even in the critically ill or immobilized patient, who might not be able to 
undergo arteriography.***’ The disadvantages of paracentesis in this 
situation are set out more fully below. 

Radioactively labeled rose bengal can be used to generate two types 
of information in the diagnostic work-up of the jaundiced patient: The 
first is a numerical estimate of polygonal cell function, obtained by de- 
termining the rate of clearance of the drug from the blood and expressed 
as the ratio of the counts obtained at 20 minutes and 5 minutes (the 20/5 
minute ratio). 

The second type is a pictorial demonstration of the functioning 
status of the biliary tree>*” The addition of imaging information has 
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NEONATAL HEPATITIS 
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Figure 9. A, Rectilinear scan at 1 and 24 hours in an infant with neonatal hepatitis; 
excretion of I-131 rose bengal, though delayed, is evident by bowel radioactivity at 24 hours. 
A 72 hour stool collection (10 per cent) exceeds that found in biliary atresia. B, Comparable 
studies in an infant with biliary atresia. Extrahepatic activity is unchanging indicating that it 
is in the kidney, not the bowel. Minimal activity is recovered in the stool. (From Silverberg, 
M., et al.: Sem. Nucl. Med., 3:69-80, 1973, with permission.) 


made the !*'I rose bengal study much more useful, especially in pediat- 
ric and neonatal problems (see below). Normally, the rose bengal will be 
seen in the gastrointestinal tract within 1 hour after injection. Intrahe- 
patic disease can lead to varying degrees of cholestasis, but failure to 
see evidence of rose bengal excretion in 48 hours affords reliabie evi- 
dence of a complete extrahepatic block even when the 20 to 5 minute 
ratio is greater than 90 per:cent.” Imaging might show some passage of 
activity into the gut when a 20/5 minute ratio under 70 per cent 
suggests surgical jaundice. This apparent contradiction is probably the 
result of a ball valve type of obstruction and has been reported to occur 
in about 5 per cent of cases.** 

The differential diagnosis of prolonged neonatal jaundice has 
always posed difficulty, particularly in distinguishing idiopathic neo- 
natal hepatitis from biliary atresia. Stool counting for excreted "I rose 
bengal was initially suggested for indirect evidence of biliary tract pa- 
tency.'* *° Fair success has been obtained,” especially with the use of 
oral cholestyramine to reduce the area of overlapping results.*? Since the 
stool collection method has several technical disadvantages, abdominal 
imaging is being used to detect whether the '*'I rose bengal reaches the 
gastrointestinal tract (Fig. 9). This combined approach results in few, if 
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any, false-negative results. Intrahepatic cholestasis may be so severe, 
however, that it cannot be differentiated from biliary atresia even with 
this technique.” 


PANCREAS 


The pancreas deserves its reputation as the silent organ. It is inac- 
cessible to palpation and it offers no easy access to conventional radio- 
graphic techniques. Vascular radiology and nuclear medicine have, in 
recent years, developed techniques which have reduced these difficul- 
ties to some extent. It is essential that the clinician clearly understand 
the type of information which may be obtained and the limits of cer- 
tainty that can be reached by these methods. Most importantly, he must 
learn to distinguish those clinical conditions which can be evaluated by 
nuclear imaging. 

Imaging of the pancreas can currently be performed with only one 
radiopharmaceutical, selenomethionine, an analog of the amino acid 
methionine, in which the sulfur atom has been replaced by a radioactive 
selenium atom (selenium-75). For several reasons, this preparation is less 
than satisfactory. First, selenomethionine is not specific for the pancre- 
as. It is concentrated by the pancreas and liver in the course of enzyme 
and other protein synthesis. Because of the liver’s greater mass, a much 
larger fraction of the administered dose is taken up in that organ. 
Visualization of the pancreas may then be obscured by an overlapping 
liver image (Fig. 10). Some have employed double isotope scanning 
using a liver-specific agent plus selenomethionine and various elec- 


Mn, 


Figure 10. Normal pancreas scan illustrating the large percentage of activity in the 
liver; a small amount of radioactivity is present in the proximal small bowel. (From 
Bouchier, I. A. D., et al.: Clin. Gastroenterol., 1:105-118, 1972.) 
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Table 2. Extrapancreatic Causes of Abnormal Scans 


EXTRAPANCREATIC DISEASE 
Peptic ulcer 
Biliary tract disease 
Liver disease (cirrhosis, hepatitis) 
Carcinoma anywhere in the gastrointestinal tract . 


INTERRUPTION OF NORMAL PHYSIOLOGY 
Nasogastric suction 
Gastroenterostomy 
Vagotomy/pyloroplasty 
Too ill to eat, or starving 


tronic image subtraction techniques to lessen this problem: mixed 
results have been reported” The second disadvantage of selenomethion- 
ine is that selenium-75 has a long half life and emits medium energy 
gamma rays and beta particles. 

The radiation dose which results from these physical decay charac- 
teristics limits the amount of the drug that can be given a patient. This 
limitation reduces the number of counts that can be accumulated in an 
image and hence the diagnostic reliability of the image. Nevertheless, in 
the proper clinical context, important useful information can be ob- 
tained by this study. 

Those who have systematically reviewed and reported their experi- 
ence with pancreatic imaging agree that the pancreas scan is a highly 
sensitive study but that it is quite nonspecific. In a summary of 13 
reported series, the combined true-positive rate was over 90 per cent 
but the false-positive rate was over 30 per cent. It is the nonspecificity of 
the abnormal study that constitutes the major problem in pancreatic 
imaging. The study may be abnormal with pancreatic disease, including 
diabetes, in extrapancreatic disease, or with no disease at all. It is now 
accepted that diabetes and a number of nonpancreatic conditions (Table 
2) have a high probability of causing an abnormal pancreas scan. It is 
likely that these patients have suffered disruption of the mechanisms 
which regulate the pancreatic function responsible for normal uptake 
and distribution of the selenomethionine. 

The problem of the false-positive study can be reduced, then, by an 
aware selection of patients for pancreas imaging. In patients with the 
conditions listed in Table 2, imaging should not be considered a screen- 
ing procedure. In these patients, no significance should be attributed to 
the study that is not unequivocally normal. 

In a few reported series pancreatic scans and angiograms have been 
performed on the same patients.** ** Overall, the addition of the angio- 
gram has not appreciably improved diagnostic accuracy in these groups. 
These limited data suggest that (1) the scan and angiogram have 
roughly the same accuracy in detecting disease, and (2) when they are 
in conflict, one is as likely to be wrong as the other. 
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Despite the sensitivity reported for pancreas imaging, it is dis- 
couraging that the preoperative diagnosis of pancreatic tumor has had 
no effect on patient survival. Carcinoma involving the pancreas mani- 
fests symptoms relatively late so that even in ‘“‘early” cases, the tumor is 
large. In one review, only one patient with primary pancreatic cancer 
was alive 12 months after diagnosis.** Of 57 tumors, 14 were resectable 
(5 periampullary, 5 lower duct, and 4 pancreatic). 

Under these circumstances it would be reasonable to ask, ‘““Why un- 
dertake radionuclide imaging of the pancreas?’”’ The answer is that 
many more patients are suspected of having pancreatic disease than do, 
in fact, have it. For these people, pancreatic imaging may be a reliable 
test by which to exclude disease. In this large group of patients, a nega- 
tive scan allows attention to be turned to the other diagnostic possibili- 
ties. 

It is important to point out that it is not uniformly accepted that 
pancreas imaging has produced results which justify its use as a stan- 
dard diagnostic study. This point of view has been presented in some de- 
tail by Bachrach et al. who emphasize the nonspecificity of the abnormal 
scan, the difficulty caused by liver uptake and the general problem of 
image interpretation. There can be little doubt that the achievement of 
reliable results in radionuclide imaging of the pancreas requires tech- 
nical excellence and experienced judgment on the part of the nuclear 
medicine physician. Without these, neither the clinician nor the patient 
can anticipate useful results from this study. 


SPLEEN 


Radionuclides can be used to good effect in a number of clinical 
problems involving the spleen. Those of major interest to us are (1) the 
differential diagnosis of left upper quadrant masses; (2) the evaluation 
of the patient with possible splenic trauma; (3) the detection of splenic 
mass lesions such as infarct, abscess, or tumor, or (4) the detection of 
ectopic or accessory splenic tissue; and (5) evaluation of the role played 
by the spleen in hemolysis. 

Imaging of the spleen can be carried out by using either radioactive 
colloids as in liver imaging, or by using heat-treated (i.e., damaged) red 
blood cells. The latter are usually labeled with chromium 51-sodium 
chromate (TY/2, 27 days) although methods of labeling with technetium 
99m pertechnetate have recently been developed.”* ** The latter radio- 
pharmaceutical with its shorter physical half-life and absence of beta 
emission produces higher quality images with a lower radiation dose to 
the patient. While colloids are easier to use for imaging, damaged red 
cells are spleen specific and often must be used when accessory or ec- 
topic splenic tissue is being sought. Red cell trapping by the spleen can 
be estimated by administering non-heat treated labeled red cells and 
counting over the spleen, liver and precordium at intervals for one to 
three weeks. The chromium-51 label is required for this study because 
of the time span involved. 

Spleen imaging was not commonly undertaken when labeled red 
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cells or colloidal radiogold were the only radiopharmaceuticals available. 
However, the introduction of technetium sulfur colloid has afforded a 
simple, safe, rapid, and reliable method of evaluating size and gross 
morphology of the spleen. At the present time, radionuclide imaging 
together with the upper gastrointestinal tract examination is the first 
line of investigation in the patient who has a diagnostic problem in the 
left upper quadrant. Splenomegaly itself often cannot be determined 
with certainty on clinical grounds alone. The spleen scan can establish 
the actual size and location of the organ; when normal, it excludes the 
spleen as the site of pathology in the differential diagnosis of a left 
upper quadrant mass. 

This progress in spleen imaging has had a significant effect on the 
diagnosis and treatment in the trauma patient. The spleen, like the liver, 
can be seriously damaged by penetrating and nonpenetrating trauma 
that ranges from severe to slight. At either end of this spectrum, dam- 
age to the spleen can be overlooked. Wilcox found the ratio of nonpene- 
trating to penetrating trauma as a cause of splenic rupture to be greater 
than 30 to 1.” In the severely injured patient, particularly the uncon- 
scious one, if splenic injury can be excluded, attention may be diverted 
to more obvious problems such as fractures and facial injuries.*! In the 
acute case, Pratt et al. have recommended peritoneal tap when the diag- 
nosis of spleen rupture is not obvious.*® Diagnostic paracentesis has 
serious drawbacks. First, it can detect only an already ruptured organ, 
while scanning can detect intrasplenic or subcapsular hemorrhage prior 
to rupture. Second, a multiple-view gamma camera study can be done in 
as little or less time than four quadrant paracentesis at considerably less 
risk to the patient. In the non-acute case, the same authors have 
suggested that “expectant observation” be used for at least 7 days after 
trauma to the left side to guard against delayed splenic rupture.** How- 
ever, in this group of patients, too, radionuclide imaging has been 
proven to be a reliable screening study. Diagnostic accuracy of both pos- 
itive and negative studies has been 90 per cent or greater.2® 4 48 

Nebesar’s group believes that imaging should be the initial proce- 
dure in the investigation of the patient with possible spleen trauma.*® 
Based on their experience with angiography, they found (1) the scan is 
easier to perform and interpret; (2) it yields less equivocal results than 
angiography; and (3) if multiple organ injuries are suspected, radio- 
nuclide imaging of each one (e.g., liver, spleen, kidney) can be quickly 
accomplished. If one or more of these are equivocal, then the arteriogram 
should follow. Others suggest that if the spleen scan is completely nega- 
tive, the angiogram might be omitted.” 

Minor trauma may not raise the suspicion of splenic injury. Never- 
theless, spleen imaging should be done even when an injury seems triv- 
ial. The diagnosis of splenic damage can be made before rupture in a 
greater number of patients if spleen imaging is more widely used. 
Prompt screening of patients with trauma to the left side will reduce the 
risk of missing delayed rupture in suspicious cases, and when negative 
the scan can eliminate unnecessarily prolonged hospitalization. In sum, 
the spleen should be scanned in anyone who (1) has had sufficient 
trauma to fracture a rib, (2) has left upper quadrant pain or guarding 
after slight trauma, or (3) has x-ray evidence of lung contusion.” Three 
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Figure 11. Oblique scintigram demonstrates splenic enlargement with a large filling 
defect along the inferior lateral margin; at surgery there was a long stellate laceration and 
clot in the corresponding area of the spleen. (From O’Mara, R., et al.: Surg. Gynec. Obstet., 
131:1077-1084, 1970, with permission.) 


cases illustrating the characteristic findings in such patients are seen in 
Figures 11 through 13. 

The abnormal spleen scan can also be caused by tumor,”! abscess,?”"” 
cyst, or infarct.**’°* When any of these conditions enters the differen- 
tial diagnosis, spleen imaging should be performed early. Splenic 
abscess, which occurs most often by hematogenous spread from the 
primary site of infection, has been diagnosed preoperatively by scanning 
in varied conditions. Three interesting examples are porcine gastroen- 
teritis in a pig farmer, after lower extremity amputation in a diabetic pa- 
tient, and after prostatic biopsy.” 

Splenic function, rather than structure, is the basis for evaluating 
whether splenectomy will benefit the patient with refractory anemia. 
The role the spleen may play in producing premature red cell destruc- 
tion is determined by counting over the spleen, liver, and precordium as 
described earlier. Over the same time period, the disappearance of the 
labeled cells from the circulation is measured to estimate the red cell 
survival. If the red cell count rate over the spleen reaches a level two to 
three times that in the blood or liver, a favorable response to splenec- 
tomy is likely. There are a number of reports in the literature detailing 
the technique and results.* ® ® Predictions have been accurate in 80 to 
90 per cent of patients operated upon. False-positive studies have been 
uncommon. There have been a few patients with negative studies, i.e., 
no evidence of splenic sequestration, who have nevertheless responded 
to a splenectomy performed on clinical grounds. The reasons for this 
may be related to the difficulty in obtaining representative data from an 
enlarged, infiltrated, or infarcted organ. In patients with myelofibrosis, 
prediction of the effect of splenectomy is particularly difficult. The 
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Figure 12. Anterior scintigram shows massive defect across the mid-portion of the 
spleen; surgery showed a laceration at this site. (From O’Mara, R., et al.: Surg. Gynec. Ob- 
stet., 131:1077-1084, 1970, with permission.) 


Pest 


Figure 13. Posterior rectilinear scan (with the spleen oriented to the reader’s right) in 
an 18-year old boy with a 1 week history of dysphagia; a barium swallow showed a left upper 
quadrant mass displacing the stomach to the right. The functioning lower pole of the spleen 
is displaced downward by a large nonfunctioning mass replacing the organ. At surgery, a 
large subcapsular and intrasplenic hematoma was disclosed. 
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organ may be massively enlarged and may be a site of extramedullary 
hematopoiesis. Nevertheless, if the patient’s transfusion demands are 
too great, splenectomy may have to be considered when chromium-51 
studies indicate a short survival half time and evidence of destruction 
of red cells in the spleen. 


A similar approach to thrombocytopenic disorders has proven use- 
ful. The patient’s spleen, liver and precordium can be counted after he 
has received chromium-51 tagged platelets. When the surface counting 
indicates splenic sequestration, patients have responded to splenectomy 


with an increase in their platelet count and no further need of medical 
therapy.'® 


CONCLUSION 


The studies evaluated in this article do not exhaust the potential 
applications of nuclear medicine to clinical problems involving the liver, 
spleen, and pancreas. They are, however, those most widely used and 
tested by experience. This experience has been the result of develop- 
ments in radioisotope production and radiopharmaceutical synthesis, of 
the introduction of new imaging equipment and computers, and of a 
general broadening of our knowledge about drug localization and patho- 
physiology. Advances in these areas are continuing and consequently 
further developments can be expected in our ability to contribute to 
the diagnosis and management of diseases of the liver, spleen, and pan- 


creas. 
The particular strengths of a nuclear medicine department will 


depend to a great extent on the experience and interests of the nuclear 
medicine staff. The clinician will best be able to exploit these strengths 
for his patients’ advantage by maintaining close communication with 
his colleagues in nuclear medicine. 
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Symposium on Surgery of the Liver, Spleen, and Pancreas 


Pediatric Splenectomy 


Indications, Technique, Complications, and Mortality 


William B. Kiesewetter, M.D.* 


The spleen is an organ more commonly considered in the therapy of 
hematologic abnormalities than as a basic surgical problem. Therefore, 
the surgeon finds himself most often acting as consultant-technician in 
the carrying out of the hematologist’s desires. In this role, the surgeon 
must have clear ideas as to the place of splenectomy in the treatment of 
hematologic disease, must be conversant with the end results that can 
be achieved, and, above all, must be aware of the immediate and long- 
term complications that can ensue. The assessment of the indications 
for surgery and the hematologic end results fall within the province of 
the pediatrician; the operative and postoperative problems fall to the 
surgeon, while the long-term results and complications from the re- 
moval of splenic tissue should be assessed by both. 

This consideration of splenectomy in childhood will be approached 
by a brief description of the rationale for this mode of therapy, the tech- 
nique employed in carrying it out, some of the complications that occur 
in the performance of a splenectomy, and, finally, consideration of the 
mortality that can be expected in the use of this modality. The basic con- 
cepts will derive from a consideration of the experience with splenec- 
tomy at the Children’s Hospital of Pittsburgh over a 25 year period from 
1949 through 1973. In addition, allusions to the literature will be em- 
ployed to substantiate or amplify certain points. 


INDICATIONS FOR SPLENECTOMY FOR SPECIFIC 
CURATIVE RESULTS 


Congenital spherocytosis is the prime indication for a splenectomy 
in childhood. As the name implies, there is a strong familial incidence of 
this condition in which the shape and resistance of the red cells are such 
as to leave them prey to easy destruction. This leads to crises with a 
bilirubin increment correlating with the decline in hemoglobin and 
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hematocrit. This diagnosis must be considered in any child with anemia, 
and a work-up carried out to verify or disprove it. Splenectomy is cura- 
tive in this disease. It should be borne in mind that an appreciable 
number of children suffering from congenital spherocytosis will have 
associated cholelithiasis. Every child so labeled should have a preopera- 
tive cholecystogram and adequate examination of the biliary tract at 
surgery. In our own experience with 309 splenectomies, we have found 
congenital spherocytosis to be the single most common cause for re- 
moval of the organ. 

The spleen was removed for the first time because of trauma and 
dates back for probably a hundred years. In a children’s setting, trauma 
still is the indication for splenectomy in 15 to 20 per cent of cases. Such 
trauma is predominantly the result of the automobile and it is more 
common, therefore, in the summer months when children are out of 
school and playing in the streets where they come in contact with mov- 
ing vehicles with alarming frequency. As an occupant of a car in a 
motor accident, the child sustains splenic trauma at all times of the year. 
In areas where snow is commonly present, sledding accidents account 
for a certain amount of trauma in the wintertime. When a child has sus- 
tained such trauma and is seen by a surgeon, an assessment of the ab- 
domen is somewhat difficult because of the voluntary and involuntary 
muscle-guarding resulting from the injury. Unless the examination is 
completely normal, a paracentesis should be performed in at least both 
lower quadrants and perhaps the upper quadrants as well. The insertion 
of a plastic catheter through the paracentesis needle will allow lavage of 
the peritoneal cavity with 250 to 500 cc of normal saline in order to get 
an accurate assessment of the presence or absence of blood. Obviously, 
withdrawal of frank blood from the paracentesis needle would obviate 
the necessity for the insertion of the plastic catheter and lavage. Where 
available, selective arteriography of the splenic artery may be indicated 
in some cases. It has been our experience that those situations in which 
the findings would be positive are those in which the evidence from 
other sources points unmistakably to a ruptured spleen. Trauma was the 
second most common cause for splenectomy in our hospital. 

Idiopathic thrombocytopenic purpura (ITP) ranks third among in- 
dications for splenectomy and, as with trauma, may sometimes cause an 
acute bleeding episode in which diagnosis and splenectomy are urgent. 
This is particularly true in those children who have central nervous sys- 
tem evidence of bleeding from their thrombocytopenia. The mortality 
under such circumstances is distressingly high, and splenectomy can be 
a life-saving procedure. More often, the situation is one in which exces- 
sive bleeding and bruising call attention to the fact that an abnormality 
of clotting function may be present. It is of interest that about three- 
quarters of all cases of idiopathic thrombocytopenic purpura are self- 
limited in their course, but the remaining one quarter progress from the 
acute to the chronic phase. Steroids affect the bone marrow and result 
in maturing of the megakaryocytes and getting them into the circulation 
to raise an otherwise low platelet count. Remission is to be expected in 
30 to 75 per cent of steroid-treated cases, but, if a 6 to 12 week course of 
this drug does not produce a response, then operation may be indicated. 
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Again, the area into which hemorrhage may occur can be the prime 
indication for early surgical intervention with variable results. 

Relatively little is known of the natural history of acquired hemoly- 
tic anemia. The prognostic benefit of splenectomy, therefore, is dif- 
ficult to define. A child smitten with this entity usually is so labeled only 
after an extensive hematologic work-up. The hemolysis which takes 
place can be either acute or chronic. Steroids have been found to be of 
benefit in some cases of this complex problem but are less successful 
than in idiopathic thrombocytopenic purpura. Splenectomy should be 
performed only when other treatment fails, because the best figures in- 
dicate only a 50 per cent chance of success. It is a rational form of ther- 
apy in spite of this yield, because it is felt that the disease may be the 
result of an autoimmune process and the removal of the spleen will take 
away a source of antibody formation. It is likewise postulated that de- 
struction of red cells takes place in the spleen, and splenectomy would 
therefore be of benefit. 

In hypersplenism, that situation in which the presence of an en- 
larged spleen signals the possibility of abnormal destruction of specific 
blood elements singly or in combination, splenectomy is seldom em- 
ployed simply because of an abnormal blood count. Several types of 
hypersplenism may benefit from splenectomy, although they are not as 
predictable as one would like. Splenectomy in sickle cell disease can be 
used when radioisotope tagging indicates that there is significant red 
cell destruction or sequestration in the spleen. Idiopathic neutropenia or 
pancytopenia are occasional indications for removal of the spleen when 
other methods of treatment fail. Probably the most controversial indica- 
tions for splenectomy for hypersplenism are in the management of 
aplastic or hypoplastic anemia. Removal of the spleen has been per- 
formed when there seems to be a definite inhibitory effect on the bone 
marrow by the presence of the spleen. The prognosis in all of the 
hypersplenic states following splenectomy is uncertain, but the proce- 
dure should not be discarded entirely. 

Thalassemia major presents two situations in which splenectomy 
may be indicated. The first of these is the simple mechanical factor of a 
large spleen with which it is difficult to live and where the risk of 
trauma is ever present. Secondly, the spleen in this disease seems to 
play an active role in red cell destruction and therefore increases the 
need for transfusion. For these two reasons, splenectomy should be con- 
sidered in a certain number of patients suffering from this form of 
hemolytic anemia. Because of the hemolysis factor in the disease, it is 
also well to remember the risk of cholelithiasis is increased, and all 
children who are to undergo the removal of the spleen for thalassemia 
major should have preoperative gallbladder studies and palpation of the 
organ at the time of operation. 

Under certain circumstances, removal of the spleen is required 
when the venous pressure in the portal system is elevated. Such portal 
hypertension is almost always limited to the extrahepatic type of ve- 
nous obstruction. Treatment in portal hypertension is aimed primarily at 
reducing portal pressure by some type of portosystemic shunting proce- 
dure. However, it has been shown in some cases by arteriography that, if 
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Table 1. Indications for Splenectomy 


CHILDREN’S 
HOSPITAL OF AMERICAN ACADEMY 


PITTSBURGH OF PEDIATRICS? 

(309 cases) (1413 cases) 
Congenital spherocytosis 86 (27%) 395 (27%) 
Idiopathic thrombocytopenic purpura 45 (14%) 265 (18%) 
Trauma 55 (17%) 348 (24%) 
Thalassemia 8 (2%) 45 (3%) 
Portal hypertension 26 (8%) 137 (9%) 
Hypersplenism 10 (3%) 30 (2%) 
Incidental to other surgery 17 (5%) 59 (4%) 
Acquired hemolytic anemia 9 (2%) 18 (1%) 
Hypoplastic anemia 5 (1.5%) 21 (1%) 
Miscellaneous 48 (15%) 95 (6%) 


the splenic vein is the blocked vessel, splenectomy will often be cura- 
tive. One other aspect of portal hypertension requires consideration of 
splenectomy; that is, if hypersplenism in itself is severe enough to 
produce clotting derangements through reduced platelets or reduced 
resistance to infection resulting from neutropenia. Depression of throm- 
bocytes in an adolescent girl about to undergo menarche can result in a 
considerable loss of blood. Selective removal of the spleen under these 
circumstances is beneficial. The surgeon needs to weigh the loss of the 
splenic vein as a possible vessel for splenorenal shunt against the poten- 
tial benefit to be gained by splenectomy. 

It is of interest to note in Table 1 the indications for splenectomy 
employed in our own experience and in the large collected series re- 
ported by Eraklis et al.’ 


TECHNIQUE 


Under ordinary circumstances, splenectomy is a straightforward, 
clean, and uncomplicated operation, especially if the size of the organ is 
not greatly increased. Careful preoperative evaluation and preparation 
enhance the safe conduct of the procedure. Unless one has a critical sit- 
uation in which bleeding is endangering the life of the child, one should 
never undertake the removal of the spleen at the time of any hemolytic 
crisis; operation during a period of remission is much more desirable. 

Routine blood work-up should be done to assure that the patient has 
an adequate hemoglobin and hematocrit. If the count is low, it is often 
advisable to administer packed cells rather than whole blood. In those 
situations in which thrombocytopenia is present, there is a division of 
opinion as to the time that one should administer exogenous platelets. 
The effective life of platelets is such that, to make them maximally ef- 
fective, they should be given as near to (or during) the operation as pos- 
sible. There are those who like to have them given the night before, but 
an equal group would prefer to withhold them until the start of the 
operation. Our own particular preference is to administer the platelets 
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the night before and have freshly drawn blood with its active platelet 
component available at the time of surgery. 

The administration of blood or any of its components is, of course, 
dependent upon there being an adequate, large gauge, intravenous line 
in the child. The method by which this line is introduced depends upon 
the age of the child and the availability of veins. One should be certain 
that there is a good means of introducing the proper blood elements if 
they are needed. 

Individual surgeons have their preference as to the body position 
and incision location for the performance of the splenectomy. For many 
years we have used the standard left subcostal incision in children who 
have had that side slightly elevated so as to enable one to go out into the 
left flank. We have used a vertical paramedian or left rectus incision on 
a few occasions when the size of the spleen would dictate a larger open- 
ing than that provided by the subcostal incision. Our skin incision is 
generally made from the mid left rectus muscle lateralward, using the 
electrodissector to reduce the amount of bleeding encountered. The left 
rectus fascia is incised with a cold scalpel because we have hesitated to 
devitalize the fascia with a Bovie; on occasion we have had eviscera- 
tion of abdominal incisions that led us to believe that fascial devitaliza- 
tion by cautery allowed for sutures to pull out. The left rectus muscle is 
actually retracted medialward without dividing it, unless the size of the 
spleen dictates that one needs the full length of the incision. The exter- 
nal and internal obliques and transversus muscles are transected to 
enter the abdominal cavity. Again, we do not open the peritoneum with 
a Bovie for the same reason as stated above regarding the rectus fascia. 

The great hazard of a splenectomy is uncontrollable bleeding in a 
situation in which one does not have adequate access to the bleeding 
point. For this reason, in children generous mobilization of the spleen is 
practiced. We have preferred to be able to bring the spleen up onto the 
abdominal wall when possible. Some people have advocated the neces- 
sity for isolating the splenic artery and vein along the superior border of 
the pancreas as the first step in splenectomy as a means of control of 
major hemorrhage, should it occur during removal of the spleen. We 
have not felt that this was necessary and have seldom used it but do 
believe that the spleen should be freed from its avascular attachments 
to the diaphragm, colon, and kidney before one approaches the hilum. 
At times, splenitis which has occurred from the hematologic abnormal- 
ity makes removal of the spleen from the under side of the diaphragm a 
somewhat bloody procedure; however, this is the exception rather than 
the rule. 

The next step in the procedure is to release the superior pole of the 
spleen from the vasa breva attachment to the stomach. Sometimes 
these vessels are quite short and one must secure them carefully. Hav- 
ing mobilized the spleen fully, we have found it helpful to pack the 
subphrenic space with a Kurlex roll and to elevate the spleen on this roll 
so that it does not drop into the depths of the incision. The hilum is now 
approached, and, in children, this is seldom a fatty, difficult area in 
which to work. Vessels should be doubly clamped and divided indi- 
vidually wherever possible. This is particularly true at the superior and 
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inferior poles of the spleen before the major vessels are approached. 
Each vessel encountered should be tied and then suture-ligated on its 
proximal side to eliminate the hazard of postoperative hemorrhage. 

As one approaches the hilum to get the major artery and vein, it 
should be done centrally so as to reduce the inadvertent opening of 
some of the branches of these vessels after they have left their single 
main source. It is an old dictum, but one to which we adhere whenever 
possible, that the artery should be identified and ligated before the vein 
is approached. This prevents the spleen from filling up and taking a cer- 
tain amount of the circulating blood volume away from the child. We 
also believe that a degree of auto-transfusion can be carried out by 
squeezing the spleen after the artery has been tied and suture-ligated. 
Some feel that the introduction of a small dose of 1:1000 epinephrine 
can aid in this endeavor. Finally, the vein is secured and the specimen 
removed. 

There are several points of operative caution in splenectomy. The 
anatomic variance of the position of the tail of the pancreas in relation 
to the hilum of the spleen is such that it must be carefully observed and 
dissected away so as not to produce traumatic pancreatitis or pancreatic 
injury with subsequent fistula or pseudocyst formation. Having re- 
moved the spleen, there are two things that should be done to ade- 
quately complete the procedure. First, a thorough search must be made 
for accessory spleens. Accessory splenic tissue has been found in ap- 
proximately one quarter of our patients. The four common sites for 
extra splenic tissue are the hilum of the spleen, the tail of the pancreas, 
the gastrosplenic ligament, and the greater omentum. The hilum of the 
spleen is the predominant area in which accessory spleen(s) are found. 
It is incumbent upon the surgeon to be as atraumatic as possible in 
splenectomy, since lymph nodes and fat that have blood in them may 
resemble accessory spleens grossly. When in doubt, it is better to re- 
move these pieces of tissue, because expected good results from remo- 
val of the major spleen may be compromised by leaving accessory tis- 
sue. Accessory spleens will hypertrophy and become a functioning unit 
that assumes the role of the removed spleen. 

Secondly, as noted above, some of the hemolytic problems for which 
splenectomy is performed predispose the patient to cholelithiasis. Care- 
ful palpation of the gallbladder and biliary tree is the minimum surgical 
effort that should be employed in those patients in whom cholelithiasis 
was found on the preoperative cholecystogram. If one palpates stones in 
the gallbladder, an extension of the incision will be necessary to perform 
a cholecystectomy. There are, of course, situations in which one should 
not add a cholecystectomy to a difficult splenectomy in an acutely ill 
child. However, it is generally agreed that removal of the gallbladder 
should be accomplished at the primary procedure when possible. 

There is a difference of opinion among surgeons as to whether, in 
the closure of the splenectomy incision, drainage should be instituted. It 
is the author’s opinion that hemostasis should be achieved to a degree 
that assures no oozing or bleeding vessels, and most of our splenec- 
tomies are closed without drainage. We believe that drains are a source 
of ingress for bacteria, as well as egress for blood and lymph. This is a 
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valid reason for not draining the subphrenic bed. If, for any reason, 
there is uncertainty about the vessels or the tail of the pancreas, we do 
not hesitate to insert a stab-wound drain for a couple of days. This is, in 
fact, an indicator drain, not a therapeutic drain. 


COMPLICATIONS 


The complications encountered in our own experience and in the 
larger American Academy of Pediatrics Surgical Section Survey® are 
listed in Table 2. 


Evisceration 


This dreaded complication is not peculiar to pediatric patients un- 
dergoing splenectomy but did occur in the series from our hospital in 2 
patients,’ giving a 1 per cent incidence. It has been reported by others to 
be more frequent, but accurate approximation of all layers from the 
peritoneum outward should prevent the occurrence, because the child 
is healthy from a nutritional and metabolic standpoint in most cases. 
This, of course, is not the case in those splenectomies done for malig- 
nant disease, and the incidence of wound weakness might be expected 
to be higher under those circumstances. 


Hemorrhage 


Abnormal blood loss associated with splenectomy can occur at two 
times—during the procedure and in the first 24 to 48 hours after 
removal of the spleen. Operative hemorrhage is usually the result of the 
inadvertent tearing of one of the hilar vessels and is particularly dif- 
ficult to control in an obese patient who has an excess of adipose tissue 
in the hilar region. Occasionally, hemorrhage will occur from the vasa 
breva of the stomach. The secret in controlling this type of hemorrhage 
is prevention by the adequate visualization of the vessels to be divided 
and tied. Postoperative hemorrhage usually occurs from inadequate 
hemostasis at the time of operation with the subsequent slippage of a 
ligature. This is an unusual occurrence and can be obviated by a tie and 
distal suture ligature technique. The avoidance of mass ligature tech- 


Table 2. Postoperative Complications of Splenectomy 


CHILDREN’S HOSPITAL AMERICAN ACADEMY 
OF PITTSBURGH? OF PEDIATRICS? 

(205 cases) (1413 cases) 
Incisional 2 (1%) 47 (3.3%) 
Hemorrhage 0 42 (3.0%) 
Infection (nonfatal) 5 (2.5%) = 
Infection (fatal) 1 (0.5%) = 
Pancreatitis 0) 25 (1.7%) 
Others 5 (2.5%) 64 (4.5%) 

13 (6.3%) 178 (12.6%) 


ne Te UU UE UES EEE EI ESSE ISSSEI ESSERE 


456 WILLIAM B. KIESEWETTER 


nique in the hilum is also a good prophylactic measure to eliminate post- 
operative bleeding. In a collected series of 1413 patients reported by 
Eraklis and Filler,’ there were 42 cases of postoperative bleeding com- 
plications, an incidence of 3 per cent. 


Infection 


While splenectomies have been done since the dawn of surgery, it 
was an article by King and Shumaker in 1952 that focused attention 
upon the possible increased association of infection in the post-splenec- 
tomy state in children. Careful observations made ona small group of 5 
patients suffering from congenital spherocytosis who all suffered bouts 
of overwhelming sepsis, from which 2 succumbed, led the authors to 
some interesting suggestions as to the interrelationship of asplenia and 
infection. They made four observations: (1) splenomegaly occurs in the 
presence of many types of infection; (2) many latent infections are reac- 
tivated following splenectomy; (3) there is some suggestive evidence 
that, in certain animal species, splenectomy depresses the natural resis- 
tance to acute and chronic infections; (4) since the spleen is the largest 
single reservoir of lymphocytes in the body, and since the lymphocytes 
have been demonstrated to have a major role in antibody formation, the 
spleen would appear to play a leading part in this important defense 
function. 

Since this significant paper, many authors have investigated the in- 
terrelationship of splenectomy in childhood and serious infection. Three 
reports in the last 7 years seem important enough to review briefly. A 
series of 467 patients from the Children’s Hospital Medical Center in 
Boston were reviewed with extensive follow-up.” The average period of 
observation was over 6 years, and only proven bacteremia and bacterial 
meningitis were considered to be overwhelming infections. Over 5 per 
cent of the children showed overwhelming sepsis by this definition. 
Those conditions leading to splenectomy which carried the highest in- 
cidence of overwhelming infection were (from the highest to the low- 
est): thalassemia major, histiocytosis and inborn errors of metabolism, 
portal hypertension, cancer with splenomegaly, and idiopathic throm- 
bocytopenic purpura. These carried at least a 5 per cent mortality from 
overwhelming infection. It is of significance to note that in 55 patients 
who had splenectomies for trauma or incidental to other surgical proce- 
dures, there were no infections. Forty-two per cent of the total series 
were children under 4 years of age, and the incidence of death from in- 
fection was 8.1 per cent in this group. The interval between splenec- 
tomy and fatal infection showed that slightly over 80 per cent of the 
fatal infections occurred within 4 years. 

The infection and mortality figures derived from the Boston series 
must be compared with the expected infection-mortality incidence in 
the population at large. A fine article bearing on this aspect of the 
problem, as well as the whole post-splenectomy sepsis picture, was 
recently written by Singer.” His data suggest the following: (1) In in- 
fants less than one year of age, mortality due to infection occurs in 0.3 
per cent. (2) In children aged 1 to 7 years, the incidence of mortality due 
to infection is 0.07 per cent. (3) In children aged 7 to 14 years, the in- 
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cidence of fatal infection is 0.02 per cent. With these figures in mind, it 
is obvious that the mortality from infection as reported from Boston is 
markedly above that to be anticipated in the population at large. 

Singer collected a series of 2795 patients from 23 reports in the lit- 
erature in which accurate information and follow-up were available 
regarding infection in the post-splenectomy state. The results of this 
study are summarized in Table 3. The overall incidence of infection was 
4.25 per cent and the mortality was 2.52 per cent. As found in the Bos- 
ton series, the susceptibility to infection varied with the basic underly- 
ing disease, but the mortality associated with sepsis in asplenic persons 
is at least 200 times as frequent as in the population at large. Septic 
disease, when it does occur, is severe and rapidly progressive, and has a 
greater than 50 per cent chance of causing death. The author of this ar- 
ticle points out that congenital asplenic patients are also at greater risk 
from infection. Ivemark‘ reported that 4 of 11 patients with congenital 
agenesis of the spleen and without associated anomalies developed 
meningitis (36 per cent). Meningitis developed in 5 (7.5 per cent) of 66 
patients with congenital asplenia and congenital heart disease. Singer 
further suggests that children who have their spleens removed under 
the age of 2 are at much greater risk to overwhelming infection than are 
those undergoing splenectomy after that age. He says: ““The incidence 
of infection in asplenic infants is almost 100 times as great as in infants 
with intact spleens.” Finally, he noted in his review of the 2795 patients 
that the average time interval between splenectomy and the onset of 
sepsis was 4 years, but the range was from 13 days to 14 years. 

A recent report by Constantopoulos! suggests that a substance 
found in splenic tissue, which he terms “tuftsin,”’ may play a leading 
role in the defense against bacterial invasion. This substance is directly 
active upon white blood cells to stimulate phagocytosis. The number of 
active phagocytic cells may be reduced by 50 per cent in asplenic pa- 
tients. This is an interesting new development which lends experi- 
mental support to the clinical observation that asplenic patients are 
more liable to overwhelming infection. 

Systemic infection in the splenectomy series in our institution 
would seem to corroborate an increased vulnerability to sepsis in splen- 


Table 3. Postsplenectomy Infection, Incidence and Mortality’ 


TOTAL SEPSIS SEPSIS 

PATIENTS INCIDENCE MORTALITY 

Trauma 688 10 (1.45%) 4 (0.58%) 
Incidental splenectomy 233 5 (2.1%) 2 (0.86%) 
Idiopathic thrombocytopenic purpura 489 10 (2.05%) 7 (1.43%) 
Congenital spherocytosis 850 30 (3.52%) 19 (2.23%) 
Acquired hemolytic anemia 67 5 (7.5%) 2 (2.90%) 
Portal hypertension 221 18 (8.2%) 13 (5.90%) 
Primary anemia 70 6 (8.5%) 5 (7.01%) 
Reticuloendotheliosis 69 8 (11.5%) 7 (10.1%) 
Thalassemia 109 27 (24.8%) 1, (CUALOY)) 
2795 119 (4.25%) 71 (2.52%) 
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ectomized patients.’ Seven per cent of patients subjected to splenec- 
tomy had a serious infection, with half of them showing substantiated 
septicemia and one fourth dying. This serious infection rate is at least 
100 times the expected rate in the general pediatric population. A corre- 
sponding increase in mortality rate is likewise present. 

Because of the tendency to infection in patients who have un- 
dergone splenectomy, it has been felt by many that prophylactic treatment 
with antibiotics suggested by Smith*® a decade ago should be given. In 
our own institution, this involves the administration of 200,000 units of 
penicillin twice a day by mouth for 2 years or until the child reaches the 
age of 5, whichever occurs later. In children under 2 years of age, con- 
sideration should be given to the possibility of administration of gamma 
globulin every 6 weeks to 3 months until the child reaches the age of 2 
years. 


Hyperthrombocytosis 


There is often a rebound phenomenon following splenectomy in a 
child with depressed bone marrow. The danger of hypercoagulability 
has been emphasized by a number of authors, but in our experience has 
not been a problem. A tendency to greater clotting is judged by elevated 
platelet counts or clinical evidence of thromboembolic disease. For a 
number of years it has been our routine to obtain platelet counts every 
second or third day until discharge from the hospital. There is a precipi- 
tous rise in platelets after splenectomy, particularly when that splenec- 
tomy was done for hypersplenism or idiopathic thrombocytopenia. We 
have had a long-standing rule of thumb that children who showed 
greater than 1,000,000 platelets in the postoperative period probably 
should have anticoagulants administered. While a very occasional child 
has exceeded that limit, we have never administered anticoagulants for 
this reason. Our total experience with thromboembolic disease, for 
whatever cause, consists of less than 10 patients over a 25 year period, 
and none of these has been in conjunction with the performance of a 
splenectomy. 

The large collected series? showed that only 7 of 1413 children 
received anticoagulants postoperatively. There was no report of throm- 
boembolic disease in any patient. 


Cholelithiasis 


As suggested above, those hematologic conditions in which hemo- 
lysis of the red cells is the basic problem may result in hyperbilirubine- 
mia and sedimentation with formation of biliary tract stones. We have 
made a preliminary study of the situation in regard to our 309 splenec- 
tomy patients. A total of 122 splenectomies were done for hemolytic dis- 
ease. The various forms of red cell destruction encountered are listed in 
Table 4, along with those patients who showed cholelithiasis. Twelve pa- 
tients proved to have cholelithiasis at the time of operation or in follow-up. 
They were equally divided between those who had stones palpated at 
the time of splenectomy and those who had cholelithiasis later in life. 
This 10 per cent incidence of gallbladder disease is a minimum figure 
because not all gallbladders were palpated at operation and only 50 per 
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Table 4. Hemolytic Disease, Splenectomy, and Cholelithiasis 


CHOLELITHIASIS 

Congenital Spherocytosis 86 9 
Acquired Hemolytic Anemia 9 1 
Thalassemia Major 8 0) 
Sicklemia 4 2 
Hypoplastic Anemia 5 0) 
Hypersplenism 10 O 

122 12 


cent of the follow-up questionnaires were returned. The valid points to 
be made are: (1) all children in whom operation is contemplated for 
hemolytic disease should have preoperative cholecystograms; (2) all 
gallbladders in patients undergoing splenectomy for hemolytic disease 
should be palpated; (3) long-term follow-up of such patients indicates 
continuing vulnerability to cholelithiasis, even though the offending 
spleen has been removed. 

Finally, it is of interest to note that most surgeons feel a cholecys- 
tectomy should be done with the splenectomy when stones are found. 
This assumes that there is no contraindication to its coincidental per- 
formance. In the 6 patients in our experience in whom stones were 
found at the table, 4 had cholecystectomy and the other 2 had the stones 
removed and the gallbladder left in; to date, no subsequent problems 
have ensued in the retained gallbladders. 


MORTALITY 


In Table 5 are recorded the mortality figures of our own experience, 
as well as those from the larger American Academy of Pediatrics Sur- 
vey.’ It is apparent that our mortality is over three times that of the sur- 
vey; this can best be explained by the broader indications for splenec- 
tomy employed at our institution. 

Among those children succumbing in the hospital were 8 patients 
suffering from extensive multiple trauma and those in whom splenec- 


Table 5. Mortality 


CHILDREN’S HOSPITAL AMERICAN ACADEMY 
OF PITTSBURGH OF PEDIATRICS? 
(309 patients) (1413 patients) 
I. Unrelated to Hematologic Disease 15 (4.7%) 10 (0.7%) 
Hospital 8 
Long-term 7 
YI. Due to Primary Disease 21 (7.0%) 37 (2.6%) 
Hospital t 
Long-term 14 
36 (11.7%) 47 (3.3%) 
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tomy was done incidental to correction of serious congenital anomalies. 
In addition, 7 patients died in the hospital of primary hematologic 
diseases, e.g., lymphoma, leukemia, reticuloendotheliosis, and portal 
hypertension. The 7 late deaths from nonhematologic diseases included 
metastatic carcinoma, neuroblastoma, hydrocephalus, Wilson’s disease, 
adrenal hemorrhage, and an auto accident. Hodgkin’s disease, leukemia, 
hypoplastic or aplastic anemia, and other lethal hematologic processes 
were not improved by splenectomy and led to deferred deaths in 14 pa- 
tients. 
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Current Management of Esophageal 
Varices 
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Successful management of the patient with bleeding esophageal 
varices may tax and frustrate the most skilled clinician. Despite impres- 
sive progress in the understanding of the etiology, pathophysiology, and 
natural history of portal hypertension, the mortality remains high. Treat- 
ment is still largely directed toward palliating the sequelae without 
improving (and occasionally worsening) the underlying disease process. 
Frequent failure has bred a profusion of clinical approaches resulting in 
confusion and controversy. But order is emerging through new solu- 
tions and techniques—the benefit of accumulated experience and well 
controlled clinical trials. 

This review will focus on two aspects of the problem. First, in the 
individual with active upper gastrointestinal bleeding, are varices 
present and are they the source of bleeding? Second, when varices are 
identified as a source of bleeding, what are the treatment options open 
to the surgeon? 

A basic understanding of the pathophysiology of portal hypertension 
is necessary to evaluate the diverse therapeutic approaches in vogue 
today. Several recent monographs have examined, in thorough and 
colorful detail, this background and the current dilemmas.*’!° ™ 


PATHOPHYSIOLOGY 


The normal resting portal pressure varies between 5 and 15 cm of 
saline and no significant collateral flow exists between the portal and 
systemic venous circulations. As anatomic or physiologic obstruction 
(resistance) to portal flow develops, portal pressure rises. Increased 
splanchnic arterial inflow resulting from decreased arterial resistance 
and enlargement of the splanchnic bed contributes partly to the venous 
pressure rise. This increased “forward pressure” may partially explain 
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why portal pressure often does not equilibrate to systemic venous pres- 
sure immediately after creation of a major portasystemic shunt. © 

As portal hypertension develops, collateral channels open and the 
increased flow escapes through multiple beds, such as those in the an- 
terior abdominal wall and the retroperitoneum. The collaterals and, ul- 
timately, the varicosities which form through the submucosal venous 
plexus in the upper stomach and lower esophagus and drain into the 
azygos system are, clinically, the most important because of the pro- 
pensity of these varicosities to rupture with free bleeding into the upper 
gastrointestinal tract. As portal pressure rises above 25 to 30 cm of 
saline (occasionally reaching 55 cm), esophageal varices, hypersplen- 
ism, ascites, and hepatic encephalopathy are all frequent secondary ef- 
fects. Bleeding from esophageal varices is unusual until portal pressure 
exceeds 25 or 30 cm of saline and direct measurement of portal pressure 
below that level virtually excludes bleeding varices as a source of upper 
gastrointestinal hemorrhage. Portal pressure may be determined di- 
rectly by umbilical vein catheterization or at laparotomy by catheteriza- 
tion of the portal vein. Indirectly, reasonably accurate portal pressure 
can be determined by percutaneously measuring splenic pulp pressure 
in the unanesthetized patient. In the patient with cirrhosis, the hepatic 
vein wedge pressure is an accurate measurement of portal pressure. 


ETIOLOGY 


It is important to ascertain the location and cause of portal obstruc- 
tion since optimal management is predicated on precise identification of 
pathology. Sherlock”® has defined two major groups of obstruction based 
on combined anatomic and physiologic criteria. The first are those ob- 
structions which are clearly presinusoidal and may be either extrahepa- 
tic or intrahepatic in location. The second major group are the intrahe- 
patic cirrhoses where the block is not purely sinusoidal and that 
designation (sinusoidal) is discarded. Two far less frequently occurring 
categories are primary portal hypertension and the hepatic venous 
outflow obstructions (postsinusoidal). These categories are listed in 
Table 1. 

Primary or idiopathic portal hypertension is a rare physiologic ob- 
struction which may be initially intermittent with no obvious anatomic 
obstruction.” Later, narrowing of the more distal portal branches may 
be noted by contrast studies and sclerosis may be seen microscopically. 
Extrahepatic obstruction of the portal vein may be the result of portal 
vein thrombosis, either in early childhood or in adult life, secondary to 
sepsis, coagulopathy, or local compression by tumor. The intrahepatic 
causes of purely presinusoidal nature are schistosomiasis (which on a 
world-wide basis may be the most frequent cause of portal hyperten- 
sion), myeloproliferative disorders, such as myelosclerosis or Hodgkin’s 
disease, sarcoidosis, arsenic toxicity, congenital hepatic fibrosis, or pri- 
mary biliary cirrhosis. The intrahepatic obstructions associated with the 
nodular cirrhoses (Laennec’s or post-necrotic cirrhosis) are by far the 
most common cause in this country in the adult population. Hepatic 
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Table 1. Etiology of Portal Hypertension 


PRIMARY (IDIOPATHIC) PORTAL HYPERTENSION 


PRESINUSOIDAL 
Extrahepatic 
Portal vein thrombosis or obstruction (cavernous transformation) 
Infection 
Coagulopathy 
Tumor 
Splenic arteriovenous fistula 
Hepatic artery— portal vein fistula 
Splenic vein obstruction or thrombosis 
Pancreatitis 
Intrahepatic 
Schistosomiasis 
Myeloproliferative disorders 
Hodgkin’s disease, myelofibrosis, etc. 
Sarcoidosis 
Congenital hepatic fibrosis 
Arsenic toxicity 
Primary biliary cirrhosis 


INTRAHEPATIC 
Cirrhosis 
Laennec’s cirrhosis 
Post-necrotic cirrhosis 


HEPATIC VENOUS OBSTRUCTION 
Budd-Chiari syndrome 
Constrictive pericarditis 
Congestive heart failure 
Web of vena cava 
Venocclusive disease 


vein obstruction may be physiologic on the basis of constrictive pericar- 
ditis or right-sided heart failure or true anatomic venous obstruction, 
such as the Budd-Chiari syndrome, veno-occlusive disease, or webs of 
the vena cava. 

The etiology can generally be established when the findings of por- 
tal vein pressure (PVP), hepatic vein wedge pressure (HVWP), portal 
venography, and liver histology are known. Extrahepatic portal vein ob- 
struction is diagnosed on the basis of portal vein occlusion demon- 
strated by venography with normal HVWP and normal liver histology. 
The intrahepatic presinusoidal group is characterized by patency of 
the portal vein with elevated PVP but normal HVWP and appropriate 
changes in liver histology. The intrahepatic cirrhoses are distinguished 
by typical periportal changes, microscopically, with an HVWP that ap- 
proximates PVP and generally a patent portal vein. Portal vein throm- 
bosis may be seen, however, secondary to cirrhosis as stagnation of por- 
tal blood flow occurs. Hepatic venous outflow obstruction is infrequent 
but may be suspected by findings on venography and the inability to 
measure HVWP. Rare cases of splenic vein thrombosis with bleeding 
esophageal varices have been reported following pancreatitis or neo- 
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natal umbilical vein catheterization without the full-blown picture of 
portal hypertension.”* 


DIAGNOSIS 


In the patient who has never had an upper gastrointestinal hemor- 
rhage, esophageal varices may be discovered during evaluation of unre- 
lated complaints or may be detected during the assessment of known 
liver disease. If varices are unexpectedly found by esophagoscopy or 
barium contrast study, a thorough investigation of liver function and 
histology should be undertaken with the aim of pinpointing the etiology 
of the portal hypertension. Varices may exist in the absence of overt 
physical evidence of advanced liver disease and this is especially true in 
prehepatic obstruction. If esophageal varices have never bled, they 
require no treatment other than general medical management of the 
portal hypertension and its underlying etiology. Long-term follow-up of 
patients with known varices has established that the majority will never 
experience an upper gastrointestinal tract hemorrhage. What triggers 
variceal rupture is unclear. A sudden transient rise in portal pressure 
may occur during vomiting or a Valsalva maneuver. Low-grade peptic 
esophagitis may predispose the individual to rupture of the varices, al- 
though frank esophagitis is clearly not a necessary precursor. The size 
of the varices and the degree of portal pressure elevation are not well- 
correlated with the probability of rupture. 

In the actively bleeding patient, diagnosis and treatment must 
progress simultaneously. If varices are found, it must be determined 
that they are the source of bleeding, since approximately 25 per cent of 
patients with known esophageal varices who develop upper gastrointes- 
tinal hemorrhage will be found to be bleeding from nonvariceal sites, 
most notably from gastritis or peptic ulcer disease. In the patient with 
active upper gastrointestinal bleeding in whom varices are suspected, 
we prefer the following sequence of diagnostic studies. 


Endoscopy 


Direct inspection of the upper gastrointestinal tract by fiberoptic en- 
doscopy has been an increasingly preferred initial step in the evaluation 
of acute upper gastrointestinal hemorrhage. In the hands of experienced 
endoscopists, accurate diagnosis of the bleeding site is made in 90 to 95 
per cent of patients when endoscopy is performed within the first 24 to 
48 hours following onset of bleeding. If endoscopy is delayed, the suc- 
cess rate drops precipitously because of rapid healing of many small 
mucosal lesions such as Mallory-Weiss tears, superficial gastritis, or 
shallow gastric ulcers.» Endoscopy has two distinct advantages to rec- 
ommend it as an initial study. First, the direct identification of a bleed- 
ing site greatly simplifies the diagnostic process and endoscopy is an ex- 
tremely low-risk procedure. Second, since over one third of all patients 
with an acute upper gastrointestinal hemorrhage will be found to have 
more than one abnormality, endoscopy provides direct evidence as to 
which lesion is actively bleeding. Adequate sedation is a prerequisite, al- 
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though barbiturates are to be avoided. Most endoscopists prefer gastric 
aspiration and saline lavage to clear the stomach and improve visualiza- 
tion. If esophageal varices are present and are not bleeding or have 
recently stopped bleeding, endoscopy is safe and is not likely to precipi- 
tate bleeding from varices.’ 


Arteriography 


Selective arteriography has had increasing usefulness in the diag- 
nosis (and treatment) of upper gastrointestinal bleeding. The decision to 
proceed with arteriography should be made early for maximum produc- 
tivity, while active bleeding is occurring and before barium contrast 
studies, since residual barium may obscure or confuse the arteriogra- 
phic findings. The venous phase outlines the patency and configuration 
of the portal circulation, demonstrates varices and may be used to es- 
timate portal flow velocity. If diagnostic arteriography is performed, the 
catheter should be positioned and left in the superior mesenteric artery 
for possible later intra-arterial infusion. 


Splenoportography 

Splenoportography is a valuable and surprisingly safe procedure. 
Excellent visualization of the intrahepatic and extrahepatic configura- 
tion of the portal circulation is achieved and the presence of collateral 
channels (varices) can be demonstrated with good reliability. The 
splenic pulp pressure, measured percutaneously with a saline mano- 
meter, is generally an accurate indication of portal pressure when 
measured under local anesthesia. If strict adherence to technical pre- 
cautions is observed, complications are infrequent and consist entirely 
of occasional persistent bleeding from the spleen requiring splenectomy 
or a small pneumothorax. If ascites is carefully controlled prior to the 
study, the platelet count is above 50,000 and the prothrombin time 15 
seconds or less, these complications are uncommon (under 5 per cent).° 
If selective distal splenorenal shunt is anticipated, splenoportography is 
contraindicated, since damage to the spleen would preclude that proce- 
dure. 

Splenoportography admittedly gives a clearer picture of portal circu- 
lation than venous phase arteriography, but in 5 to 10 per cent of pa- 
tients, known varices are not demonstrated. Splenoportography does not 
provide the additional benefit of an arterial catheter for later infusion of 
vasopressors. In general, we have not found splenoportography as use- 
ful as arteriography in the diagnosis or management of massive upper 
gastrointestinal bleeding. It is more valuable in the elective evaluation 
of the patient who has stopped bleeding or in the patient with undiag- 
nosed splenomegaly. 


Barium Contrast Studies 


The esophagogram and upper gastrointestinal series are a time- 
honored approach to the diagnosis of upper gastrointestinal disease and 
will certainly continue to be the heart of routine investigation. There are 
several inherent disadvantages, however: (1) In the actively bleeding 
patient with intragastric clot, adequate studies may be difficult. (2) Al- 
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Table 2. Child’s Classification 


GROUP A GROUP B GROUP C 
Serum bilirubin (mg per 100 ml) Below 2.0 2.0-3.0 Over 3.0 
Serum albumin (gm per 100 ml) Over 3.5 310=3:5 Under 3.0 
Ascites None Easily controlled Poorly controlled 
Neurologic disorder None Minimal Advanced “‘coma”’ 
Nutrition Excellent Good Poor, “‘wasting” 


though esophageal varices present a dramatic appearance when seen, 
they are frequently not demonstrated. (3) Acute gastritis and active pep- 
tic ulcer disease, in the actively bleeding patient, may be difficult to 
diagnose and the frequency of false negative results may be 40 to 50 per 
cent under these circumstances. In addition, when multiple abnormali- 
ties are present in the upper gastrointestinal tract, the barium contrast 
study fails to conclusively demonstrate which lesion is actively bleed- 
ing. Although some endoscopists prefer to have a barium study prior to 
endoscopy as a “road map,” barium should be withheld if arteriography 
is anticipated. 


Liver Function and Morphology 


Marked derangement of liver function is an invariable accompani- 
ment of portal hypertension when secondary to cirrhosis. BSP retention 
is a sensitive indicator of liver function and when normal virtually 
excludes cirrhosis as a cause of portal hypertension. It is a useful 
screening test in the emergency bleeder. An elevated BSP is suggestive 
of liver disease but is not diagnostic. Evidence of marked hepatic 
parenchymal dysfunction with hyperbilirubinemia, hypoalbuminemia, 
hypoprothrombinemia and general malnutrition, give further support to 
the diagnosis of underlying liver disease and together with physical ex- 
amination, have been the basis for dividing patients into clinical ca- 
tegories as described by Child (Table 2). Percutaneous liver biopsy 
should be an integral part of the diagnostic evaluation if possible. 


TREATMENT 


The treatment of esophageal varices, at present, is founded on sey- 
eral well accepted axioms which have evolved over the past three dec- 
ades. (1) Esophageal varices rarely, if ever, bleed unless the portal pres- 
sure is over 25 cm of saline. (2) At this time, the only successful, 
long-term treatment of bleeding esophageal varices is reduction of por- 
tal pressure (portal decompression) through creation of a major por- 
tasystemic (collateral) shunt. (3) When portal pressure is effectively 
reduced, bleeding from esophageal varices is very infrequent and when 
it occurs is usually evidence of shunt occlusion. (4) Portal decompres- 
sion, though preventing recurrent bleeding, has otherwise adverse ef- 
fects in a substantial number of patients, specifically, hepatic encepha- 
lopathy and accelerated liver failure. These side-effects are sufficiently 
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common to negate the value of prophylactic decompression in patients 
with varices that have never bled. This point has been clearly demon- 
strated in several well controlled collaborative studies which show long- 
term survival in operated and unoperated groups to be similar. (5) The 
mortality in patients undergoing emergency shunts approaches 50 per 
cent. This is 5 to 10 times the mortality of shunts constructed electively 
(following bleeding) so that elective surgery is preferable if adequate 
temporary nonoperative methods for control of bleeding are available. 

Controversial areas in the management of bleeding varices center 
around several incompletely answered questions concerning patient 
selection, timing of operative intervention and technique of portal 
decompression. 


Selection of Patients 


Given the high incidence of hepatic encephalopathy and accelerated 
liver failure which often follows portal decompression, many investiga- 
tors have attempted to define patient populations who may statistically 
be expected to tolerate operation and diversion of portal flow as opposed 
to populations who will have a prohibitively high operative and late mor- 
tality. Two categories of information have been evaluated with this end 
in mind. The clinical criteria, as represented by Child’s classification, 
have proved to be an accurate predictor and clearly indicate that the 
more severe the underlying liver disease, the less likely is the patient to 
survive operation and portal diversion.” The elective operative mortality 
in the Class A and B patients is generally 10 per cent or less, whereas 
the mortality and long-term survival in Class C patients is prohibitive. 
On this basis, patients who fall into a Child’s Class C category are gener- 
ally not felt to be candidates for portacaval shunting. 

Hemodynamic evaluation (portal vein and hepatic artery flow and 
perfusion pressures) have provided a large body of useful investigative 
data but have been disappointing as predictors of success or guides to 
choosing the type of shunt to be performed.”! Liver biopsy to assess the 
degree of hyaline necrosis as described by Mikkelsen’ has also proved to 
be an accurate predictor of survival, but depends upon the availability of 
a pathologist with experience in this field. 

In general, patients who have or have developed marked liver fail- 
ure and hepatic encephalopathy during a bleeding episode are not can- 
didates for shunting. The best operative results and long-term survival 
follow decompression in Class A or Class B patients who have had a 
small, controlled hemorrhage. 


Timing 
Should emergency decompression be undertaken during the acute 
bleeding or should aggressive nonoperative or operative techniques be 
employed to stop bleeding and allow elective shunting at a later time? 
Theoretically, operation during a non-bleeding period would result 
in the lowest overall mortality, but patient loss during nonoperative 
treatment may be high and controlled data supporting the superiority of 


one approach over the other is lacking at present. Operative techniques 
to directly control bleeding without shunting have been employed in 
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several centers. Transthoracic ligation of esophageal varices, as cham- 
pioned by Linton, can be a successful, albeit temporary, means of con- 
trolling massive hemorrhage. Unfortunately, the operative mortality 
from this nondefinitive procedure approaches the operative mortality 
from emergency shunting and the patient is still required to undergo a 
later decompression and a second operative risk.'* 

Esophagogastrectomy has been universally abandoned owing to the 
high mortality from anastomotic leaks and later re-bleeding. Eso- 
phagogastrectomy may have some benefit when employed in patients 
with extrahepatic portal block in whom a shunt procedure is not feasible 
or has failed. Splenectomy is to be avoided as a primary procedure, ex- 
cept in the rare instance in which varices have occurred from localized 
splenic vein thrombosis without portal vein obstruction or liver disease. 
In these instances, splenectomy is curative. 

Nonoperative attempts to control bleeding varices and permit later 
elective decompression have gained an established place in treatment 
through the development of intra-arterial infusion of vasopressors. 
Commercially available extracts of posterior pituitary, e.g., vasopressin, 
when infused selectively into the superior mesenteric artery, cause local 
vasoconstriction with resultant decrease in arterial and portal flow and 
reduction in portal pressure. Early results are encouraging. Bleeding has 
been controlled in 40 of 41 patients by Nusbaum.’ 

If the nonoperative approach is unsuccessful, emergency decom- 
pression is indicated. Emergency operative intervention is still favored 
by Orloff.'® 


TECHNIQUES 


A variety of imaginative techniques for portal systemic shunting 
have been described. Each has advantages and disadvantages and the 
ultimate choice rests on the individual circumstance and the experience 
of the surgeon. At present, there are four major types of shunts (Fig. 1). 


Portacaval Shunts 


Portacaval shunting may be accomplished by side-to-side anasto- 
mosis of the portal vein to the infrahepatic vena cava or by an end-to- 
side anastomosis of the distal portion of the divided portal vein to the 
vena cava. The theoretical advantage of a side-to-side shunt, i.e., permit- 
ting some continued portal perfusion of the liver, cannot be verified 
clinically: a side-to-side shunt usually totally diverts portal flow and no 
significant benefit can be attributed to either technique when employed 
for variceal bleeding."’ If intractable ascites is present, the side-to-side 
shunt is superior. If the mean portal perfusion pressure is negative, in- 
dicating hepatofugal flow in the portal vein, it is unclear whether a side- 
to-side shunt offers lower morbidity than an end-to-side shunt. An end- 
to-side shunt is technically easier to construct and side-to-side shunts 
are not always feasible because of the presence of an enlarged quadrate 
lobe, the resection of which is not justified. Some authors have used an 
interposed graft between the portal vein and the vena cava. 
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END TO SIDE PORTOCAVA 
SIDE TO SIDE PORTOCAVAL PORTOCAVAL INTERPOSITION GRAFT 


MESOCAVAL "H" GRAFT MESOCAVAL SPLENORENAL 


SPLENORENAL DISTAL SPLENORENAL 
(ALTERNATE ) DISTAL SPLENORENAL (ALTERNATE) 


Figure 1. Varieties of portal decompression. 


Mesocaval Shunt 


A mesocaval shunt is indicated when primary or secondary throm- 
bosis of the portal vein has occurred. The mesocaval shunt may be con- 
structed by transecting the vena cava or right iliac vein, swinging the 
proximal portion up for end-to-side anastomosis to the mesenteric vein 
and ligating the distal vena cava or iliac vein. Troublesome edema of the 
lower extremities in the cirrhotic patient with hypoproteinemia has 
made this less than ideal and considerable clinical experience has been 
gained with the interposed “‘H”’ graft. Dacron arterial prosthesis, homo- 
logous vena cava, or autologous internal jugular vein may be used. The 
indications for the use of the “H” graft have been broadened by some to 
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include patients without portal vein thrombosis since the technique 
requires less dissection with less blood loss and shortened operating 
time. The early experience with the interposed ‘“‘H” graft has generally 
been favorable. Thompson” reported excellent success using autologous 
internal jugular vein and Drapanas‘ has favored a Dacron prosthesis. 
The limited experience in Pittsburgh with Dacron prosthesis has been 
less favorable with 7 of 8 patients ultimately expiring. The superiority of 
the “H” graft over a standard portacaval shunt in elective decompres- 
sion of the typical cirrhotic patient with a patent portal vein has yet to 
be adequately documented in a controlled study. “H” grafts clearly 
function as complete diversion and the long-term success when em- 
ployed in primary portal thrombosis without liver disease is excellent. 
They have adequately controlled ascites when this has been an intract- 
able problem. 


Splenorenal Shunt 


The splenorenal shunt in which the proximal splenic vein is 
brought end-to-side to the left renal vein or alternately the transected 
left renal vein to the splenic vein has been advocated as a method of 
achieving good portal decompression for control of variceal bleeding but 
with a lesser incidence of hepatic encephalopathy. This technique has 
proved useful where portal vein thrombosis is present but is technically 
exacting and may be associated with a higher frequency of thrombosis. 
It has failed to gain a wide-spread acceptance in preference to a por- 
tacaval shunt. If a previous splenectomy has been performed, the splenic 
vein is unusable. 


Selective Shunting 


Because of the distressing incidence of hepatic encephalopathy and 
accelerated liver failure when complete portal diversion is achieved, in- 
terest in techniques to selectively decompress the esophageal variceal 
bed without disrupting portal flow has grown. The coronocaval shunt as 
described by Linton has been successfully employed. More recently, the 
distal splenorenal shunt as developed by Warren and Britton appears to 
be a theoretically sound approach. The distal end of the divided splenic 
vein (with the spleen undisturbed) is anastomosed to the left renal vein 
with ligation of the coronary and gastroepiploic vein. Alternately, the 
proximal end of the divided left renal vein may be brought up to the 
splenic vein with ligature of the splenic vein proximal to the anas- 
tomosis. Sufficient long-term experience with this technique is, as yet, 
unavailable to recommend its wide adoption, but Warren”! reports a low 
incidence of encephalopathy. Lunderquist® has recently described selec- 
tive sclerosis of the coronary vein by a percutaneous transvenous route 
in 4 patients. The long-term value of this approach has yet to be evaluated. 


Our Approach to the Bleeding Patient 


in general, we have favored an aggressive attempt to control bleed- 
ing nonoperatively and follow this with a period of careful medical man- 
agement and later portal decompression during the same hospital ad- 
mission. 
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During the acute upper gastrointestinal bleeding, the stomach is 
aspirated and iced saline lavage is begun through a large bore tube. 
Esophagogastroscopy is employed early and if variceal bleeding is iden- 
tified, a Sengstaken-Blakemore tube is inserted. Applying this external 
compression to the variceal bed is frequently successful in short-term 
control of bleeding. It may serve as a diagnostic test in the acutely 
hemorrhaging patient. The technique and results of the use of the Seng- 
staken-Blakemore tube have been reviewed by Bauer.! Several precau- 
tions are necessary to prevent an excessive complication rate. A na- 
sogastric tube inserted through the opposite nostril to drain the 
esophagus above the esophageal balloon is necessary to prevent aspira- 
tion. Care must be taken to prevent inadvertent retraction of the eso- 
phageal balloon and obstruction of the nasopharynx. Both these compli- 
cations can be eliminated if an endotracheal tube is used concomitantly 
and this is favored by many authors. The esophageal balloon must be 
deflated at 24 to 48 hours to prevent ischemic pressure necrosis with 
mucosal ulceration and occasional esophageal rupture. 

If the diagnosis remains in doubt or if the Sengstaken-Blakemore 
tube is unsuccessful, arteriography is undertaken for diagnosis and 
treatment. If no arterial bleeding site is identified, venous phase angio- 
graphy is completed to outline the portal bed and demonstrate collateral 
channels, although actual bleeding from varices can rarely be demon- 
strated. The catheter is positioned and secured in the superior mesen- 
teric artery beyond any anomalous hepatic arterial branches for direct 
intra-arterial infusion of vasopressin (Pitressin). If bleeding has con- 
tinued, infusion of vasopressin at the rate of 0.1 to 0.3 units per minute 
into the superior mesenteric artery is begun for a period of up to 24 
hours and intermittently thereafter. It is important to begin vasopressin 
early before multiple transfusions deplete clotting factors and make 
success less likely. There are few complications, other than those of ar- 
terial catheterization in general. If posterior pituitary extract is used, 
one must compensate for the antidiuretic effect. The technique, results, 
and complications have been reviewed by Nusbaum and Baum.” 

The clinical use of mesenteric artery vasopressin infusion has been 
recently expanded. In the cirrhotic with known esophageal varices who 
is bleeding from a nonvariceal site, the mortality from emergency opera- 
tive intervention has been so high? that vasopressor treatment for this 
group of patients has been tried with marked success and increased sur- 
vival.!® In addition, vasopressor infusion has been used during elective 
shunting procedures to substantially reduce the amount of blood loss 
during the dissection necessary for creating a major shunt." 

If these nonoperative methods are unsuccessful, we have preferred 
progressing directly to portal decompression and have not favored 
transthoracic esophageal variceal ligation. Patency of the portal vein 
should be determined preoperatively and careful pressure measure- 
ments should be recorded at laparotomy. We have utilized a generous 
right upper quadrant incision. The portal vein is temporarily occluded 
with a vascular clamp and pressures are measured on either side. If the 
pressure distally is greater than that between the clamp and the liver, 
this is designated a positive perfusion pressure, indicating normal direc- 
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tion of portal blood flow. If the mean portal perfusion pressure is posi- 
tive, an end-to-side portacaval shunt has generally been employed, 
whereas if the portal perfusion pressure is negative (evidence of hepa- 
tofugal portal blood flow), then side-to-side portacaval shunt or an inter- 
posed graft is suggested. Following completion of a major shunt, pres- 
sures should be re-measured and a drop of at least 10 cm of saline is to 
be expected, although an immediate drop to systemic venous pressure is 
infrequent. 

The frequency of hepatic encephalopathy may be reduced by lower- 
ing the bacterial count in the large bowel and carefully cleansing the in- 
testinal tract of shed blood both preoperatively and postoperatively. 
Neomycin sulfate may be administered per os in a dose of 4.0 to 6.0 gm 
per day in divided doses for 48 hours and 1.0 to 3.0 gm daily thereafter. 
Oral protein intake should be limited. Neomycin sulfate may be ad- 
ministered in a retention saline enema. Diuretics should be used as nec- 
essary with careful monitoring of serum electrolytes. Caloric intake may 
be maintained by use of hypertonic glucose through tube feeding or in- 
travenously. In general, we have been reluctant to operate on Child’s 
Class C patients. 


CONCLUSION 


Despite the apparent conflict and confusion, an increasingly stan- 
dardized approach to portal hypertension appears to be emerging. Portal 
decompression of the patient with benign extrahepatic portal obstruc- 
tion by means of mesocaval shunt is highly successful with few compli- 
cations.’ In the cirrhotic population which comprises the bulk of pa- 
tients with variceal bieeding, only portal decompression, at the present 
time, offers iong-term relief from recurrent hemorrhage in patients who 
have bled. Those who have never bled should not undergo prophylactic 
decompression and patients with intractable ascites or hypersplenism 
secondary to portal hypertension rarely require decompression. In the 
patients with acute massive upper gastrointestinal bleeding, improved 
nonoperative techniques, in particular, intra-arterial perfusion of vaso- 
pressin, allows many patients to be decompressed later, when not bleed- 
ing, with greatly reduced mortality. At present, there is little objective 
data to favor any particular type of central shunt —all are effective and 
have roughly the same operative mortality and associated incidence of 
hepatic encephalopathy. 

The primary goal, at present, is to find ways of avoiding hepatic en- 
cephalopathy and the adverse effects of deprivation of portal flow on the 
liver, either through selective decompression of the variceal bed or por- 
tal arterialization. Radical new approaches, such as liver transplanta- 
tion, when that becomes feasible, may be the ultimate answer. With the 
incidence of cirrhosis rising, this subject remains a fertile field for in- 
vestigation and innovation. 
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